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instrumental  in  the  conduct  of  the  program:  CWO  Land,  CWO  Cushing, 
MKCS  I sherwood,  MK1  Brooks,  MK1  Davenport,  MK1  Tardiff  and  the 
boiler  room  watchstanders  and  maintenance  personnel.  The  project's 
major  subcontractors  and  their  areas  of  expertise  are  as  follows: 
Ajax  Engineering  Co.,  Inc.  -  Boiler  fireside  and  waterside  cleaning; 
Eastern  Analytical  Laboratory  -  Water  analysis;  Fuel  Engineering 
Company  of  New  York  -  Fuel  analysis;  Irving  W.  Glater,  P.E.,  C.S.P. 

-  Boiler  tube  material  and  deposit  analysis;  The  Bigelow  Company  - 
Boiler  tube  sample  installation  and  removal ;  and  TRC  Environmental 
Consultants,  Inc.  -  Flue  gas  emission  testing. 
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1.0  EXECUTIVE  SUMMARY  AND  INTRODUCTION 


1.1  Executive  Summary 

Efficiency  and  emission  (particulate  and  nitrogen  oxide) 
measurments  were  performed  on  a  shoreside  boiler.  The  purpose  of 
the  program  was  to  assess  any  benefits  and/or  penalties  associated 
with  firing  a  water  in  oil  emulsion.  The  project  included  installa¬ 
tion  of  instrumentation  required  for  efficiency  measurements,  ident¬ 
ification  and  installation  of  a  suitable  low  energy  emulsifier  and 
metallographic  analysis  of  tube  samples  to  determine  corrosion  and 
erosion  due  to  firing  an  emulsified  fuel  for  a  heating  season. 
Closely  controlled  tests  were  performed  over  the  operating  load 
range  on  the  cleaned  and  tuned  boiler  firing  both  neat  (straight) 
oil  and  emulsified  oil.  These  tests  were  repeated  after  firing  each 
of  the  respective  oils  for  one  normal  heating  season.  This  brief 
summary  of  the  findings  of  the  test  program  are  directly  applicable 
to  boiler  number  3  at  the  U.S.C.G.  Academy  and  may  be  relevant  to 
similar  boiler  installations  using  comparable  fuels.  However,  they 
should  not  be  considered  applicable  to  all  boilers. 

The  following  conclusions  are  drawn  from  the  test  measurement 

data : 

*  there  was  no  significant  improvement  in  boiler  efficiency 
associated  with  firing  a  67o  water  in  oil  emulsion  (emul¬ 
sified  oil)  in  a  cleaned  and  tuned  boiler. 

*  the  boiler's  firesides  were  slightly  cleaner  after  firing 
emulsified  fuel  for  one  (1)  heating  season  as  compared  to 
a  similar  period  of  firing  neat  oil 

*  the  boiler's  slightly  lower  operating  expenses,  when  firing 
an  emulsified  fuel,  do  not  justify  the  purchase  of  the 
emulsion  fuel  system 

*  flue  gas  particulate  emission  rates  were  reduced  an  average 
437o  (high  load  tests)  and  277„  (low  load  tests)  when  firing 
an  emulsion  at  excess  air  levels  similar  to  those  during 
neat  oil  tests 


*  no  reduction  in  nitrogen  oxide  emission  rate  was  believed 
to  result  from  the  burning  of  an  emulsified  fuel 

*  the  required  soot  blowing  frequency  could  be  increased 
from  every  five  (5)  days  on  neat  oil  to  every  seven  (7) 
days  on  emulsified  fuel 

*  there  was  no  measurable  erosion  or  corrosion  of  boiler 
tube  surfaces  due  to  firing  emulsified  fuel  for  one  typi¬ 
cal  heating  season 

*  boiler  cleaning  and  tuning  returned  the  unit  to  near  de¬ 
sign  operating  efficiency  and  amounted  to  0.67o  to  2 . 97o 
recovery  in  efficiency,  dependent  upon  operating  load 

*  the  boiler's  chemical  treatment  was  sufficient  to  maintain 
waterside  cleanliness  for  many  years  with  only  annual 
high  pressure  water  washing 

1 . 2  Background 

The  operating  expense  of  a  particular  boiler  burning  fuel  oil 
at  a  certain  load  is  basically  dependent  upon  the  unit's  combustion 
and  thermal  efficiencies.  If  it  were  possible  to  operate  a  boiler 
with  combustion  at  zero  percent  excess  air  (stoichiometric  condition), 
the  operating  expense  would  be  minimum  and  no  degradation  in  thermal 
efficiency  would  occur  because  the  dry  powdery  ash  residue  would 
be  blown  out  of  the  boiler  with  the  flue  gas.  Unfortunately,  only 
textbook  boilers  can  be  operated  at  theoretical  conditions. 

Most  industrial  boilers  operate  with  too  much  excess  air,  pro¬ 
duce  soot  and  smoke,  discharge  particulates,  experience  increasing 
tube  deposits  and  decreasing  heat  transfer  efficiency  with  time, 
and  require  periodic  downtime  for  manual  cleaning.  There  are  new 
concepts  being  employed  which  attempt  to  improve  fuel  oil  atomiza¬ 
tion  and  thereby  reduce  the  impact  of  the  above  noted  factors.  One 
approach  is  the  use  of  water  in  fuel  emulsions,  whereby  water  drop¬ 
lets  entrained  in  the  fuel  flash  to  steam  and  enhance  the  fuel's 
atomization  to  promote  improved  combustion  efficiency. 

Water  in  fuel  emulsions  in  boiler  applications  is  todav,  and 
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has  been  for  several  years,  the  subject  of  considerable  attention 
as  a  method  of  energy  (fuel)  conservation.  A  list  of  pertinent 
references  is  included  in  Appendix  A.  The  combustion  process  of 
water  in  fuel  emulsions  is  based  on  the  exploitation  of  the  "micro 
explosion"  phenomenon  which  reduces  the  heterogeneity  and  local¬ 
ised  high  temperatures  associated  with  non-uniform,  diffusion 
limited  combustion.  These  micro-explosions  of  the  water  particles 
within  the  fuel  droplets  cause  a  secondary  atomization  effect  that 
greatly  improves  the  overall  atomization  quality  without  modifying 
the  actual  boiler  combustion  equipment.  The  resulting  improved 
atomization  decreases  the  time  to  completely  burn  each  fuel  drop¬ 
let  in  the  firebox  and  thereby  reduces  the  unburned  fuel  (carbon 
and  coke)  that  leaves  the  furnace.  The  major  potential  benefits 
from  this  improved  combustion  efficiency  have  been,  as  a  result 
of  both  laboratory  testing  and  industry  applications,  identified 
to  be  as  follows: 

*  Improved  boiler  thermal  efficiency,  as  a  result  of  reduced 
boiler  excess  air  levels. 

*  Reduced  nitrogen  oxide  (N0V)  emissions  because  less  oxygen 
is  available  to  react  with  the  nitrogen  in  the  air  to  form 
oxides  of  nitrogen. 

*  Reduced  particulate  emissions  are  the  results  of  more  com¬ 
plete  combustion  of  the  fuel. 

*  Reduced  boiler  tube  fouling  rates  and  soot  blowing  frequency 
because  of  more  complete  combustion  of  the  fuel. 

While  the  above  identified  benefits  have  been  associated  with 
the  utilization  of  water  in  fuel  emulsions  in  boiler  operation, 
their  measured  value,  both  singularly  and  in  combination,  can  and 
has  varied  significantly  as  a  function  of  a  variety  of  boiler  and 
operational  variables.  That  is  to  say,  a  standard  percentage  re¬ 
duction  in  fuel  consumption  or  a  common  dollar  savings  in  mainte¬ 
nance  expenditures  cannot  be  expected  for  all  emulsion  applications. 
The  following  are  some  of  the  major  influencing  variables  which 
will  impact  the  potential  level  of  efficiency,  maintenance  and 
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operating  cost  improvement  when  using  water  in  fuel  emulsions. 

*  Fuel  Quality:  The  poorer  the  quality  of  fuel  the  greater  the 
potential  for  improvement  in  combustion  efficiency.  Low  sul¬ 
fur  fuels,  less  than  .  57»  for  example,  having  some  distillate 
content  exhibit  better  combustion  characteristics  than  their 
high  sulfur  counterparts.  Consequently,  the  benefits,  effici¬ 
ency  improvement  and  emissions  level  reduction  would  be  less 
when  using  low  sulfur  as  compared  to  high  sulfur  fuel  types. 

*  Boiler  Operating  Condition:  A  number  of  factors  are  included 
in  this  category,  all  of  which  will,  in  varying  degrees, 
impact  the  degree  of  performance,  emission  level,  and  mainte¬ 
nance  improvement . 

*  Physical  Condition:  The  actual  physical  condition  of  the 
boiler  itself  and  it's  supporting  equipment  is  directly 
related  to  the  boiler's  level  of  operating  performance  and 
therefore,  to  the  amount  of  lost  performance  recoverable 
through  the  use  of  a  combustion  aid  (emulsifier),  to  approach 
the  design  performance  level.  Some  specific  items  relative 

to  physical  condition  include:  leaking  boiler  casings,  deter¬ 
iorated  or  missing  gas  path  baffles,  extensive  loss  of  heat 
transfer  surface  (plugged  tubes),  deteriorated  burner  regis¬ 
ters  and/or  diffusers,  worn  burners  and/or  burner  tips  and 
cleanliness  of  heat  transfer  surfaces. 

*  Level  of  Tuning:  The  condition  and  set  points  of  the  com¬ 
bustion  control  system  significantly  and  directly  effect  the 
operating  performance  of  the  boiler.  The  combustion  control 
system  maintains  the  excess  air  level  at  load  and  during  load 
changes.  The  burner  tip,  diffuser  and  register  orientation 
can  also  effect  combustion  efficiency  through  direct  impinge¬ 
ment  or  insufficient  mixing  of  fuel  and  combustion  air. 

*  Boiler  Support  Systems'  Condition:  Marginal  or  deteriorated 
boiler  support  systems  have  the  potential  of  adversely  im¬ 
pacting  boiler  performance.  Specific  examples  would  include 
insufficient  fuel  oil  preheat  to  obtain  the  required  viscosity 
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for  good  atomizaton  and  insufficient  fan  capacity  to  supply 
adequate  combustion  air. 

*  Boiler  Practices:  Frequently  excessive  fuel  consumption  and 
increased  maintenance  costs  can  be  attributed  to  operator 
practices.  Lack  of  attention  to  excess  air  levels;  operation 
with  improper  fuel  viscosities;  careless  soot  blowing  pro¬ 
cedures  are  examples  of  the  human  element  contributing  to 
inefficient  operation. 

Unfortunately,  all  of  these  conditions  exist  either  alone  or 
in  combination  in  a  large  number  of  steam  generating  plants.  De¬ 
pending  upon  the  actual  situation,  off-design  performance  can  be 
as  little  as  one  or  two  percent  or  in  excess  of  ten  percent.  The 
cost  of  corrective  action  might  be  nominal  as  in  the  case  of  burner 
tip  replacement  or  could  be  exceedingly  high  if,  for  example,  a 
total  burner  system  replacement  is  made.  In  recent  years,  the  emul¬ 
sifier  has  been  promoted  as  a  cure  for  the  aforementioned  con¬ 
ditions.  The  approaches  taken,  relative  to  the  application  of  water 
in  fuel  emulsions,  have  varied  widely.  Decisions  to  install  emul¬ 
sifiers  have  been  made  on  purely  technical  bases,  for  economic 
reasons  and  in  some  cases  as  a  result  of  an  exceptional  sales 
approach.  The  requirements  to  meet  EPA  emissions  standards  or  the 
need  to  burn  degraded  fuels  are  examples  of  the  technical  basis. 
Partial  efficiency  recovery  by  the  application  of  an  emulsifier  as 
an  alternate  to  high  capital  inventment  for  boiler  repairs  and 
equipment  replacement  would  be  considered  as  an  economic  decision. 
Finally,  the  installation  of  an  emulsifier  as  a  cure-all  or  as  an 
opportunity  to  exceed  boiler  design  performance  levels  might  be 
considered  as  the  result  of  both  not  understanding  the  technical 
problems  and  an  outstanding  sales  effort. 

Whatever  the  particular  reasons  for  the  application  of  water 
in  fuel  emulsion,  a  large  number  of  emulsifying  devices  have  been 
installed  in  steam  boiler  plants.  A  number  of  formal  and  informal 
test  programs  have  been  conducted  by  boiler  operators  and  emulsi¬ 
fier  manufacturers.  The  results  of  these  evaluation  programs  have 
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been  dependent  upon  two  major  factors.  They  are: 

*  The  Evaluating  Organization  -  the  user,  or  the  emulsifier 
manufacturer.  In  either  case  there  exists  a  potential  for 
subjective  influences  in  the  evaluation. 

*  The  Technical  Approach  -  because  of  a  large  number  of  con¬ 
trollable  and  uncontrollable  factors  influencing  the  tests, 
the  results  of  user  or  manufacturer  evaluation  programs  are 
often  restricted  to  a  few  specific  technical  or  economic 
areas.  These  influencing  factors  include,  for  example,  unique 
operating  requirements,  absence  of  adequate  and  sufficient 
instrumentation,  limited  resources  (financial  and  personnel) 
and  others.  Further,  results  are  often  proprietary  and  there¬ 
fore  not  available  to  the  general  public. 

In  summary,  while  specific  benefits  of  water  in  fuel  emulsions 
have  been  identified  in  both  laboratory  and  field  installations, 
there  has  not  been,  prior  to  this  program,  an  independently  con¬ 
ducted,  detailed  and  controlled  field  test  program  to  both  confirm 
and  quantify  these  benefits.  Neither  has  such  a  program  addressed 
any  potential  adverse  consequences  of  water  in  fuel  emulsion  fir¬ 
ing  in  a  shoreside  boiler  installation. 

The  United  States  Coast  Guard  has,  for  a  number  of  years, 
been  involved  in  the  investigation  of  water  in  fuel  emulsions. 

Prior  to  this  program  an  in-depth  evaulation  of  water  in  fuel 
emulsions  for  diesel  engine  applications  was  conducted  by  Southwest 
Research  Institute  under  contract  to  the  U.S.C.G.  Office  of  Re¬ 
search  and  Development.  A  primary  objective  in  that  program  was  to 
assess  the  fuel  economy  benefit  of  emulsion  systems  being  applied 
to  the  U.S.C.G.  diesel  fleet.  Similarly,  since  the  U.S.C.G.  oper¬ 
ates  a  large  number  of  shoreside  boilers,  the  potential  benefits 
of  emulsion  firing  in  these  installatins  was  obviously  of  interest. 
Accordingly,  a  program  was  initiated  by  the  Office  of  Research  and 
Development  to  demonstrate  and  assess  the  benefits  of  water  in 
fuel  emulsions  in  a  shoreside  boiler. 


1-6 


i 


1.3  Objectives 


The  major  objective  of  the  thorough  test  program  described 
herein  was  the  identification  and  quantification  of  the  benefits 
directly  attributable  to  the  use  of  water  in  fuel  emulsions  in  a 
shoreside  boiler.  The  potential  benefits  were  identified  at  the 
beginning  of  the  test  program  to  be: 

*  Improved  combustion  and  thermal  efficiency  (fuel  economy) 

*  Reduced  flue  gas  emissions  (particulates  and  NCM 

*  Reduced  fireside  fouling  rate  (slower  performance  degradation) 

*  Reduced  maintenance  requirements  (longer  intervals  between 

fireside  cleaning) 

In  addition  to  the  definition  of  the  aforementioned  benefits, 
a  program  objective  was  the  identification  of  any  negative  conse¬ 
quences  of  operating  with  water  in  fuel  emulsions.  These,  for  ex¬ 
ample,  were  tentatively  identified  to  be  increased  tube  erosion 
or  corrosion,  due  to  higher  moisture  levels  in  the  flue  gas  and 
adverse  operation  situations  resulting  from  the  introduction  of 
additional  equipment  and  controls  in  the  fuel  oil  service  system. 

It  is  important  to  note  that  a  comparison  of  the  emulsifying 
device  used  in  this  program  to  any  other  emulsifier  was  not  an 
objective  of  this  program.  Neither  should  the  results  of  this  pro¬ 
gram  be  considered  as  either  an  endorsement  or  disapproval  of  the 
particular  device  used.  While  this  emulsifier  is  considered  to  be 
representative  of  commercially  available  devices  and  the  boiler 
test  facility  is  typical  of  plants  of  this  type,  some  caution  is 
suggested  in  the  interpretation  of  test  results.  When  considering 
the  number  of  variable  conditions  which  exist  from  power  plant  to 
power  plant,  as  previously  discussed,  the  potential  benefit  to  be 
derived  from  emulsion  firing  and  the  specific  type  of  emulsifying 
device  to  be  employed  must  be  evaluated  on  a  case  basis. 

Finally,  it  should  be  stated  that  the  emulsifying  device  em¬ 
ployed  in  this  test  program  was  of  the  commonly  referred  to  low 
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energy  type.  These  low  energy  units  are  so  characterized  because 
of  their  operating  principles  which  typically  employ  relatively 
low  pressure  differentials  (100-200  psi)  in  the  generation  of  the 
emulsion,  and  therefore,  consume  moderate  amounts  of  power.  In 
comparison,  the  high  energy  type  units  have  correspondingly  higher 
power  demands  as  a  function  of  the  high  pressure  differentials 
(typically  in  excess  of  2000  psi).  There  is  a  significant  level  of 
interest  in  the  low  energy,  low  cost  emulsifiers  for  shoreside 
boiler  plant  application  and  therefore,  this  type  was  considered 
for  evaluation. 


1 . 4  Approach 

A  very  detailed  and  methodical  approach  was  taken  to  identify 
and  accurately  quantify  the  benefits  attributable  to  water  in  fuel 
emulsion  firing.  Care  was  taken  throughout  the  program  to  isolate 
any  benefits  of  emulsion  firing  from  those  normally  available  from 
the  correct  operation  of  a  properly  repaired,  cleaned  and  tuned 
boiler.  The  following  describes  the  test  sequence  and  methodology, 
with  appropriate  supporting  rationale  utilized  in  the  conduct  of 
this  program. 

1.4.1  Test  Sequence 

The  program  test  sequence,  together  with  the  objectives  for 
each  series  of  testing,  is  provided  below. 

*  Preliminary  Boiler  Tests:  Determination  of  the  test  boiler's 
efficiency  and  emissions  levels  when  operating  on  neat  (non- 
emulsified,  as  delivered)  fuel  prior  to  any  boiler  repairs, 
cleaning,  tuning  or  modification  of  operating  procedures. 

*  Long  Term  Neat  Oil  Tests:  This  series  of  testing  provided: 

Identification  of  percentage  of  efficiency  recovered 
through  boiler  cleaning,  repair,  tuning  and  proper 
operation. 

Establishment  of  baseline  efficiency  and  emissions 
levels  against  which  subsequent  neat  oil  and  emulsified 
oil  test  results  would  be  compared. 


-  Determination  of  efficiency  degradation  rate  (fouling 
rate)  when  operating  with  neat  oil  fuel. 

*  Boiler  Efficiency  and  Emissions  Tests  With  Emulsified  Oil: 
After  optimization  of  emulsified  oil  water/fuel  ratio,  test¬ 
ing  was  performed  to  ascertain  the  level  of  efficiency  and 
emissions  improvements  attributable  to  emulsion  firing. 

*  Long  Term  Emulsified  Oil  Test:  This  series  of  testing  pro¬ 
vided,  through  the  comparison  of  data  from  pre  long  term 
tests  with  data  from  post  long  term  tests,  an  efficiency  de¬ 
gradation  rate  for  operating  with  emulsified  oil.  This  data 
was  then  compared  to  that  collected  as  part  of  the  neat  oil 
long  term  tests  to  quantify  any  benefit  attributable  to  emul¬ 
sion  firing. 

At  appropriate  times  during  the  program  the  test  boiler  was 
cleaned  and  tuned  and  the  baseline  (neat  oil)  efficiency  and  emis¬ 
sions  tests  were  performed  to  verify  that  there  had  been  no  major 
undetected  change  in  boiler  performance  and  also  to  provide  a  good 
statistical  base  against  which  to  compare  emulsified  oil  perfor¬ 
mance  data . 

1.4.2  Special  Test  Considerations 

To  assure  to  the  maximum  degree  possible  and  practicable, 
the  validity  and  accuracy  of  test  data  collected,  special  precau¬ 
tions  were  taken  in  the  approach  to  and  conduct  of  testing.  Some 
of  the  major  considerations  and  precautions  are  highlighted  below. 

*  Essential  to  the  acquisition  of  directly  comparable  test 
data  (neat  oil  versus  emulsified  oil)  was  the  elimination 
or  maximum  control  of  all  variables  in  the  test  program. 
Typical  of  the  steps  taken  to  achieve  this  were: 

the  use  of  one  test  boiler  in  the  program  to  avoid  dif¬ 
ferences  in  boiler  performance  due  to  age,  condition, 
or  unique  idiosyncrasies  of  individual  boilers. 

the  periodic  analysis  of  fuel  and  water  to  identify  and 
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quantify  any  variables  of  significance  which  would  im¬ 
pact  the  performance  data. 

the  careful  instruction  and  supervision  of  operating 
personnel  to  assure  consistent  practices  throughout 
the  test  program.  Included  were  specific  guidelines 
relative  to  items  such  as  excess  air  levels,  fuel  oil 
viscosity  control,  soot  blowing  procedures,  burner 
tip-diffuser-barrel  position  and  boiler  steam  drum 
level . 

the  requirement  for  periodic  boiler  cleaning  and  tuning 
to  assure  identical  start  points  to  provide  valid  base¬ 
line  and  emulsion  firing  data. 

-  the  adherence  to  identical  test  procedures  for  efficiency 
and  emissions  measurements  at  each  scheduled  test  in  order 
to  assure  valid  data  comparison. 

In  order  to  obtain  both  accurate  and  repeatable  data,  the 
test  boiler  was  extensively  fitted  with  test  instrumentation 
(flow  measuring  devices,  pressure,  temperature,  viscosity 
and  steam  quality  indicators)  meeting  the  criteria  of  ASME 
Power  Test  Codes.  Further,  calibration  of  test  instrumenta¬ 
tion  was  performed  at  appropriate  times  in  the  program. 

To  assure  a  high  level  of  confidence  in  data  collection,  an 
automatic  data  logging  system  was  installed  with  back-up 
provided  by  manual  logging  of  the  parameters. 

All  efficiency  tests  were  performed  in  accordance  with  the 
requirements  of  the  ASME  Power  Test  Code  4.1.  Particulate 
emissions  testing  was  conducted  in  accordance  with  EPA 
Reference  Methods,  1  through  5.  Measurement  of  oxides  of 
nitrogen  (N0x)  was  performed  by  continuous  monitoring  pro¬ 
cedures  in  accordance  with  standard  industry  practices. 

To  identify  any  adverse  effects  of  water  in  fuel  emulsion 
firing  relative  to  tube  erosion  or  corrosion,  boiler  tube 
test  patches  were  installed  before  both  the  neat  oil  and 
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emulsified  oil  long  term  test  periods. 

In  summary,  as  can  be.  seen  by  the  foregoing  discussion  of  the 
approach  taken  to  achieve  the  program  objectives,  maximum  precau¬ 
tions  were  taken  to  provide  accurate  and  credible  results  from 
this  field  test  program. 

1.5  Schedule  of  Major  Program  Events 

In  consideration  of  the  rather  long  period  of  performance  of 
this  contract  (in  excess  of  two  years)  and  the  extensive  number  of 
tests  performed,  a  concise  presentation  of  major  program  events  is 
considered  to  be  beneficial  to  achieving  a  clear  understanding  of 
the  entire  test  program  and  the  interrelationship  of  specific  tests 
and  program  tasks.  Table  1-1  identifies  the  sequence  of  major 
events  by  calendar  month  from  contract  date,  April  18,  1980. 

Figure  1-1  illustrates  the  program  test  schedule  which  was  followed. 
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TABLE  1-1 


SUMMARY  OF  MAJOR  PROGRAM  EVENTS 


EVENT 


CALENDAR  DATE 


Contract  Award 

Completed  Test  Instrumentation  Installation 
Preliminary  Neat  Oil  Tests 
Boiler  Cleaning  &  Repair 
Boiler  Inspection 

Boiler  Tube  Material  Samples  Installed 
Boiler  Tuning 

Pre-Long  Term  Neat  Oil  Tests 
Emulsifier  Selection  &  Installation  Completed 
Post-Lon^  Term  Neat  Oil  Tests 
Boiler  Inspection 

Replacement  of  Boiler  Tube  Material  Samples 
Boiler  Cleaning  &  Repair 
Boiler  Inspection 
Boiler  Tuning 

Interim  Baseline  Neat  Oil  Tests 
Emulsified  Oil  Optimization  Tests 
Pre-Long  Term  Emulsified  Oil  Tests 
Post-Long  Term  Emulsified  Oil  Tests 
Boiler  Inspection 

Removal  of  Boiler  Tube  Material  Samples 
Boiler  Cleaning  &  Repair 
Boiler  Inspection 
Boiler  Tuning 

Final  Baseline  Neat  Oil  Tests 


April  18,  1980 
August  6,  1980 
August  12-15,  1980 
August  18-20,  1980 
August  21,  1980 
August  25,  1980 
September  2-3,  1980 
September  4-18,  1980 
February  18,  1981 
May  4-13,  1981 
May  15,  1981 
May  26-27,  1981 
May  28-June  3,  1981 
June  3,  1981 
June  4-5,  1981 
June  8-12,  1981 
June  17-18,  1981 
June  22-29,  1981 
March  22-30,  1982 
April  1,  1982 
April  5  &  8,  1982 
April  8  &  9,  1982 
April  9,  1982 
April  12,  1982 
April  12-15,  1982 
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MONTHS  AFTER  CONTRACT  AWARD 


2.0  PROGRAM  DESCRIPTION 

The  demonstration  of  water  in  fuel  emulsions  was  performed  at 
the  boiler  facility  of  the  United  States  Coast  Guard  Academy, 

New  London,  Connecticut.  Three,  approximately  equally  rated  boil¬ 
ers,  are  installed  at  this  facility  and  each  is  independently 
capable  of  meeting  the  entire  demand  of  the  U.S.C.G.  Academy. 

Steam  demand  is  comprised  of  heating,  galley,  laboratory,  hot 
water,  laundry,  etc.  requirements  and  is  continuous  throughout 
the  year  with  maximum  loads  occuring  during  the  winter  months  for 
facilities  heating  purposes. 

All  test  boiler  operation  was  carried  out  by  the  normal  U.S.C.G 
watch  personnel  under  the  direction  of  the  Contractor.  During 
periods  when  the  test  boiler  was  secured  for  inspection,  cleaning 
or  repairs,  one  of  the  back-up  boilers  was  put  in  service  to  meet 
Academy  steam  demands. 

2.1  Test  Boiler  Selection 

An  inspection  of  the  three  boilers  at  the  facility  was  per¬ 
formed  to  select  the  boiler  which  would  best  meet  the  requirements 
of  the  test  program.  While  any  one  of  the  three  boilers  would  have 
been  suitable  for  testing,  only  boiler  number  3's  exhaust  duct 
configuration  met  the  minimum  requirements  of  the  particulate  emis¬ 
sions  testing.  Specifically,  only  this  boiler  had  the  sufficient 
length  of  straight  flue  duct.  While  this  was  the  determining  fac¬ 
tor  in  the  selection  process,  boiler  number  3  coincidently  pro¬ 
vided  several  additional  advantages  over  the  other  boilers. 

*  The  boiler  was  equipped  with  the  more  modern  linkage  for  the 
forced  draft  fan  damper  control  and  therefore  provided  a  bet¬ 
ter  capability  for  close  control  of  excess  air. 

*  The  physical  location  of  this  boiler  within  the  boiler  house 
facilitated  installation  of  the  additional  equipment,  instru¬ 
mentation,  piping,  wiring,  etc.  necessary  for  the  test  program 


There  was,  however,  one  slightly  adverse  factor  associated 


with  the  use  of  boiler  number  3.  Since  this  unit  is  the  newest  of 
the  three  boilers  at  the  Academy  by  approximately  ten  (10)  years, 
it  probably  offered  the  least  amount  of  lost  efficiency  to  be 
potentially  recovered  by  cleaning,  repairs,  tuning  and  emulsion 
firing  as  compared  to  the  older  two  boilers.  Consequently,  the 
magnitude  of  the  percent  changes  required  to  be  measured  would  be 
small,  even  to  the  point  of  approaching  instrument  accuracy.  This 
situation  further  stressed  the  need  for  precise  data  measurement 
and  analysis. 


2.1.1  Boiler  Particulars 

The  particulars  of  the  test  boiler  are  as  follows: 


Manufacturer : 

Model /Type : 

Year  Built: 

Rated  Capacity: 

Operating  Pressure: 

Design  Pressure: 

Heating  Surface: 

Furnace  Volume: 

(To  Top  of  Hearth) 

Figure  2-1  shows  a  partial  view 


The  Bigelow  Company 
New  Haven,  CT 

KS20  Two  Drum  Integral 
Furnace  Water  Tube 

1966 

28,500  LBS/HR 
100  PSIG 
160  PSIG 
4364  Sq.  Ft. 

1060  Cu.  Ft. 

of  the  test  boiler. 


2.1.2  Burner  System 

The  boiler  is  fitted  with  a  Peabody  Engineering  Corporation 
burner  system  comprised  of  two  (2)  forced  draft  air  registers  with 
steam  atomizing  oil  burners.  Design  particulars  are: 


Fuel : 

Viscosity: 

Capacity: 

Oil  Pressure: 

Steam  Atomizing  Pressure: 


No.  6  Oil 
300  SSU,  maximum 
1020  LBS  F.O./HR/BRNR 
70  PSIG 
90  PSIG 


Figure  2-2  provides  a  close  up  view  of  the  burner  front. 
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Burner  Front 


2.1.3  Combustion  Control 

Automatic  combustion  control  is  provided  by  a  typical  Hagan 
Control  System.  This  system  maintains  constant  steam  pressure  by 
regulating  the  rate  of  air  and  oil  flow  to  the  boiler  furnace. 
Changes  in  steam  demand  result  in  steam  pressure  changes.  These 
pressure  changes  cause  the  system  master  controller  to  regulate 
the  forced  draft  dampers.  As  the  combustion  air  flow  varies  as  a 
function  of  this  damper  control  so  does  the  pressure  drop  across 
the  burner  register.  A  variable  ratio  regulator  controls  the  fuel 
oil  regulating  valve  on  the  basis  of  the  pressure  drop  across  the 
registers,  thus  providing  the  desired  air-fuel  ratio. 

Figure  2-3  illustrates  the  Hagan  Combustion  Control  Panel  in 
the  boiler  facility. 

2.2  Test  Boiler  Instrumentation 

Boiler  number  3  was  originally  fitted  with  sufficient  instru¬ 
mentation  to  provide  for  safe  operation.  This  instrumentation  in¬ 
cluded,  for  example,  fuel  oil  flow  meter,  temperature  and  pressure 
indicators  for  key  parameters  such  as  steam,  feed  water  and  fuel 
oil,  and  drum  level  indicators.  Additionally,  just  prior  to  the 
start  of  the  test  program  a  continuous  monitoring  oxygen  (C^)  analy¬ 
zer  was  installed  on  the  test  boiler  to  provide  improved  capability 
for  optimum  excess  air  trimming  and  to  facilitate  consistent  boiler 
operation  by  providing  a  common  parameter  to  which  all  watchstanders 
keyed.  The  test  boiler  was  also  equipped  with  an  opacity  meter. 

The  test  program  objectives  and  the  requirements  of  the  ASME 
Power  Test  Code  4.1  necessitated  the  installation  of  additional 
instrumentation  and  the  replacement  of  others  not  meeting  accuracy 
criteria.  Table  2-1  lists  all  of  the  instruments  installed  on  the 
test  boiler  and,  where  applicable,  the  ASME  accuracy  requirements. 
Additionally,  a  notation  is  made  as  to  whether  the  reading  is 
local,  recorded  on  the  data  logger,  or  both. 

The  data  logger  provided  a  second  set  of  recorded  data  in 
addition  to  that  logged  by  the  watchstanders.  The  data  logger  was 
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programmed  to  print  on  demand,  at  predetermined  intervals  (every 
15  minutes  during  the  efficiency  tests  and  every  4  hours  during 
the  long  term  tests)  and  when  the  programmed  steam  flow  rate  of 
change  limits  were  exceeded.  The  data  logger  was  programmed  to 
average  the  readings  over  the  desired  intervals.  The  automatic 
logger  proved  to  be  very  beneficial  throughout  the  program  by  pro¬ 
viding  highly  accurate  and  repeatable  readings  and  also  serving  as 
means  to  cross-check  instruments  (transducers  versus  local  gauges). 

All  instrument  calibration  was  checked  between  the  two  long 
term  test  periods  and  at  the  end  of  the  second  (emulsified  oil) 
long  term  test. 

2.3  Emulsifier  Selection 

An  obviously  important  element  in  the  performance  of  the  pro¬ 
gram  was  the  selection  of  the  emulsifier  to  be  used  in  the  demon¬ 
stration  and  evaluation.  A  very  thorough  evaluation  procedure  was 
developed  to  select  an  emulsifier  representative  of  commercially 
available  state-of-the-art  low  energy  units.  The  following  sections 
describe  the  selection  process  and  the  evaluation  criteria  used. 

2.3.1  Industry  Survey  and  Solicitation 

The  initial  step  in  the  selection  process  was  the  identifica¬ 
tion  of  manufacturers  and/or  distributors  of  commercially  avail¬ 
able  water/oil  emulsifiers.  Secondly,  manufacturers  of  equipment 
capable  of  making  water/oil  emulsions  but  not  actually  marketing 
their  equipment  for  this  type  of  application  were  identified.  These 
included  manufacturers  of  pipeline  mixers,  colloid  mills  and 
static  mixers. 

A  total  of  thirty-three  (33)  potential  participants  were 
identified  and  contacted  relative  to  their  possible  participation 
in  the  program.  Letters  describing  the  program  and  questionnaries 
requesting  technical  information  relative  to  their  emulsifying 
devices  were  sent  to  the  thirty-three  manufacturers/distributors. 
Each  potential  supplier  was  provided  several  opportunities  to 
respond  to  this  initial  inquiry.  It  should  be  noted  that  this  was 
a  worldwide  survey,  as  a  number  of  European  manufacturers  have  had 
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considerable  experience  in  the  field  of  low  energy  emulsification. 
Furthermore,  several  of  these  manufacturers  have  manufacturing 
and/or  distribution  arrangements  with  American  companies. 

This  initial  survey  and  solicitation  resulted  in  the  identi¬ 
fication  of  nine  (9)  manufacturers  who  had  proven,  commercially 
available  units,  capable  of  producing  a  water  in  oil  emulsion,  had 
responded  affirmatively  to  being  considered  for  participation  in 
the  program,  and,  were  willing  to  provide  the  detailed  technical 
information  necessary  for  the  final  evaluation  procedure. 

Additional  data  was  then  requested  from  the  nine  manufacturers 
and  a  detailed  evaluation  was  performed. 

2.3.2  Evaluation  Criteria  and  Procedure 

The  selection  of  the  test  emulsifier  was  based  on  a  decision 
matrix  comprised  of  fourteen  (14)  evaluation  parameters  or  criteria. 
Of  these  fourteen  criteria,  seven  (7)  were  selected  for  use  in  a 
weighted  scoring  system  which  resulted  in  a  final  point  score 
total  to  summarize  the  matrix  evaluation.  A  final  selection  re¬ 
quirement  was  the  demonstration  of  emulsifier  operation  and 
guaranteed  emulsion  quality  at  the  U.S.C.G.  Academy  boiler  facility 
as  a  condition  of  acceptance  and  payment. 

The  weight  scoring  system  was  based  on  the  most  significant 
parameters  in  the  matrix  and  weighting  was  accomplished  in  accor¬ 
dance  with  criteria  importance,  relative  to  the  requirements  and 
objectives  of  the  test  program.  The  elements  in  the  evaluation 
which  were  weighted  were: 

Emulsion  Droplet  Size,  Distribution  and  Stability 
Number  of  Boiler  Installations  (Experience) 

Documented  Field  Test  Data 
Cost  of  Complete  System 
Power  Consumption 
Water/Fuel  Ratio  Range 

System  Configuration  Offered  (complete  system  or 
components  only) 
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The  remaining  evaluation  criteria  were: 

Chemical  or  Additive  Requirements 
Recirculation  Requirements 
Continuous  or  Intermittent  Operation 
Guarantee /Warranty 
Delivery 

Claimed  Boiler  Efficiency  Improvements 

Availability  of  Emulsion  Quality  Test 
Data 

The  nine  manufacturers  were  evaluated  on  the  basis  of  the 
foregoing  criteria.  The  weighted  point  score  total,  in  conjunction 
with  the  remaining  evaluation  criteria  analyses  results,  along  with 
emulsion  quality  verification  by  on-site  demonstration  resulted 
in  the  procurement  of  a  Folland  Emulsion  Fuel  System  for  the  test 
program.  A  discussion  of  the  major  evaluation  criteria  relative 
to  the  Folland  ST4  series  system  follows. 

*  Emulsion  Quality  -  the  most  important  factor,  and  the  most 
heavily  weighted  in  the  evaluation  was  the  quality  of  the 
emulsion  produced  by  the  device.  Emulsion  quality  considera¬ 
tions  included  water  droplet  size,  distribution,  and  stabil¬ 
ity  of  the  emulsion.  With  respect  to  droplet  size,  extensive 
research  and  laboratory  and  field  tests  have  shown  that  the 
maximum  effectiveness  of  the  water  is  achieved  when  water 
droplets  are  in  the  2-5  micron  range.  Therefore,  an  objective 
of  water  droplet  size  of  2-5  micron  was  established  for  this 
program.  The  following  maximum  droplet  size  and  distribution 
requirements  were  established.  Water  droplet  size  in  the 
emulsion  was  to  be  100  percent  less  than  10  microns  with  70 
percent  less  than  6  microns. 

The  Folland  unit  test  data  indicated  compliance  with  this 
criteria.  In  an  actual  performance  demonstration  at  the  test 
facility  the  emulsion  quality  was  within  guarantee  limits.  A 
photomicrograph  of  the  emulsion  produced  is  shown  in  Figure 
2-4. 


FIGURE  2-4 


20um 


500x  Photomicrograph  of  57»  Water-In-Oil  Emulsion  Sampl 
For  Folland  Emulsifier  Acceptance  Test 
February  20,  1981 
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Previous  Application  Experience  -  this  factor  included  an 
assessment  of  the  number  of  units  installed  in  boiler  appli¬ 
cations,  the  availibility  and  content  of  test  data  from  these 
applications,  and  the  operating  performance  of  the  unit 
(availability,  reliability,  maintainability,  etc.).  Only 
three  of  the  manufacturers  had  in  excess  of  twenty  (20)  units 
installed.  The  remaining  six  (6),  of  which  Folland  was  one, 
had  less  than  thirteen  (13)  units  in  the  field  at  the  time 
of  the  evaluation.  Folland 's  data  from  field  test  experience 
was  very  good.  Some  problems  however  had  been  experienced 
with  the  system’s  fuel  pump  reliability  but  service  had  been 
responsive  and  corrective  action  was  in  progress  relative  to 
the  pump  problem.  Overall,  Folland  scored  above  the  average 
in  this  category. 

Constant  Input-Variable  Output  Design  -  the  ability  of  the 
selected  emulsifier  to  maintain  a  high  quality  emulsion  over 
the  entire  fuel  flow  range  of  the  boiler  was  an  important 
consideration,  especially  for  this  test  application  where 
there  are  wide  swings  in  steam  demand.  There  are  no  require¬ 
ments  for  recirculation  with  the  Folland  unit  and,  as  compared 
to  a  continuously  on-line  system,  emulsion  quality  is  con¬ 
stant.  While  there  were  some  concerns  relative  to  reliability 
of  intermittent  or  cycling  type  systems,  they  were  not  sig¬ 
nificant  enough  to  counter  the  positive  benefits  of  the  con¬ 
stant  high  quality  emulsion  production. 

Additional  Considerations  -  the  following  commments  summarize 
the  results  of  the  evaluation  relative  to  the  other  criteria 
considered . 

The  Folland  unit  was  offered  as  a  complete  prepackaged 
system  for  easy  installation  and  with  minimal  interface 
requirements . 

Power  consumption  for  the  selected  unit,  while  not  the 
lowest  of  those  considered,  was  lower  than  the  majority. 

The  cost  of  the  Folland  system,  while  higher  than  most  of 


the  other  emulsifiers  considered,  was  not  of  such  a  magni¬ 
tude  to  significantly  impact  its  score  in  this  category. 

-  Equipment  delivery  and  guarantee  terms  for  the  Folland 
system  were  only  exceeded  by  one  other  manufacturer. 

In  summary,  and  as  previously  stated,  the  combined  weighted 
scores,  in  conjunction  with  the  other  evaluation  criteria  and  the 
demonstration  of  guaranteed  emulsion  quality,  made  Folland  the 
selected  unit  for  this  test  program. 

2.4  Boiler  Cleaning,  Tuning  and  Repair 

At  appropriate  points  during  the  program  the  test  boiler  was 
cleaned  and  tuned;  and  repairs  were  performed,  as  required.  The 
specific  times  when  this  work  was  performed  are  identified  below. 
Also  provided  is  the  rationale  for  each  instance. 

*  Between  Preliminary  Tests  and  Pre  Long  Term  Neat  Oil  Tests: 
The  preliminary  tests  determined  the  "as  is"  efficiency  level 
of  the  test  boiler.  One  of  the  objectives  of  the  next  set  of 
tests,  Pre  Long  Term  Neat  Oil  Tests,  was  to  identify  the 
amount  of  efficiency  recoverable  through  cleaning  and  repair 
of  the  boiler  and  proper  tuning  of  the  combustion  control 
system. 

Further,  this  point  essentially  marked  the  start  of  the  long 
term  test  period.  As  the  test  objectives  included  the  deter¬ 
mination  of  the  boiler  fouling  rate  and  efficiency  degrada¬ 
tion  rate,  a  cleaned  and  tuned  boiler  was  necessary  at  the 
commencement  of  the  long  term  test  period. 

Finally,  the  efficiency  and  emissions  levels  determined  with 
neat  oil  on  the  cleaned  and  tuned  boiler  established  the 
"baseline"  performance  data  against  which  all  other  test  data 
was  to  be  compared. 

*  Between  Long  Term  Neat  Oil  Tests  and  Long  Term  Emulsified  Oil 
Tests : 

At  this  point  the  cleaning,  tuning  and  repair  procedures  were 
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performed  to  establish  a  comparable  start  condition  for  the 
long  term  emulsified  oil  test.  Since  a  repeat  of  neat  oil 
baseline  tests  was  performed  at  this  time,  it  was  necessary 
to  return  the  boiler  to  its  optimum  condition. 

*  After  Completion  of  the  Post  Long  Term  Emulsified  Oil  Tests: 

At  this  point  all  emulsified  oil  testing  had  been  completed. 

To  verify  that  there  had  been  no  unnoted  shift  in  boiler  per¬ 
formance,  final  baseline  neat  oil  tests  were  conducted.  This 
necessitated  again  returning  the  boiler  to  a  clean  and  tuned 
condition. 

2.4.1  Boiler  Inspection 

Periodic  detailed  boiler  inspections  were  performed  on  the 
test  boiler.  These  inspections  included  assessments  of  both  the 
boiler  firesides  and  watersides.  Additionally,  external  inspections 
of  the  boiler  were  conducted  to,  for  example,  assess  boiler  clean¬ 
ing  conditions  and  the  condition  of  other  important  items  such  as 
forced  draft  damper  control  linkage.  Inspections  were  conducted 
both  before  and  after  cleaning  and  repair  functions  m  -h  the 
following  being  primary  objectives. 

*  Identification  of  malfunctioning  or  deteriorated  equipment 
requiring  repair  or  replacement  to  return  the  test  boiler  to 
its  optimum  baseline  condition. 

*  Post  cleaning  and  repair  inspections  were  conducted  to  verify 
that  all  repairs  and  cleaning  procedures  were  adequately  per¬ 
formed  . 

*  To  provide  a  documented  qualitative  assessment  of  boiler 
fireside  fouling  rate  for  both  the  neat  oil  and  emulsified 
oil  long  term  tests.  Boiler  inspections  were  performed  at  the 
beginning  (clean  boiler)  and  at  the  end  (dirty  boiler)  of 
each  test  period. 

Previously  presented  Table  1-1,  Summary  of  Major  Program 
Events,  identifies  when  boiler  inspections  were  performed  during 
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the  program. 

2.4.2  Boiler  Cleaning 

At  each  scheduled  cleaning,  the  test  boiler  firesides  were 
thoroughly  cleaned  by  the  following  described  procedures. 

(1)  All  tubes  and  heat  transfer  surfaces  were  steam  lance 
cleaned . 

Where  required,  surfaces  were  wire-brushed  to  remove 
any  areas  of  scale  not  removed  by  steam  lancing. 

The  firesides  of  the  boiler  were  then  thoroughly  spray¬ 
ed  with  a  liquid  carbon  destructor  to  assist  in  the 
removal  of  any  remaining  hard  scale,  in  unaccessible 
areas,  for  example,  not  taken  care  of  in  the  first  two 
cleaning  steps.  This  chemical  promoted  the  burning-off 
of  scale  when  the  boiler  was  fired. 

Cleaning  of  the  boiler  waterside  was  only  performed  once 
during  the  program.  This  procedure  was  performed  at  the  beginning 
of  the  program  between  the  Preliminary  and  Pre  Long  Term  Tests. 
Subsequent  waterside  inspections  indicated  consistently  clean 
boiler  waterside  conditions  and  therefore  only  hose  washing  was 
performed.  The  initial  waterside  cleaning  was  accomplished  by  hose 
washing  of  the  drums  and  tubes  to  remove  loose  mud  and  scale  fol¬ 
lowed  by  acid  cleanings  and  final  flushing  of  the  tubes  and  drums. 

2.4.3  Boiler  Repairs 

At  each  boiler  cleaning  interval,  all  necessary  boiler  proper 
and  support  equipment  repair,  replacement  and/or  adjustments  were 
performed.  These  repairs  included  sealing  of  boiler  casing  leaks, 
repair  of  brickwork  and  refractory,  and  repair,  replacement  or 
adjustment  of  burner  register  components.  Virtually  all  repair 
requirements  throughout  the  program  were  considered  very  minor  in 
nature.  In  only  the  following  case  could  they  have  been  referred 
to  as  major.  However,  even  in  that  case  there  was  no  resulting 
impact  on  test  performance  or  data  validity. 
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During  the  boiler  inspection  performed  at  the  completion  of 
the  neat  oil  long  term  test,  the  knee  walls  of  the  test  boiler 
exhibited  rather  severe  cracking  and  buckling.  This  condition  had 
been  noted  during  previous  inspections  and  repairs  were  made  to 
the  cracks  and  new  refractory  caps  were  installed  at  that  time. 

However,  deterioration  of  the  brickwork  had  progressed  to 
the  point  where  replacement  of  the  walls  was  considered  prudent 
to  preclude  a  serious  failure  during  the  upcoming  long  term  emul¬ 
sified  oil  test  period.  Therefore,  the  knee  walls  were  removed  and 
new  walls  were  installed.  As  previously  stated,  this  was  a  side 
wall  brickwork  repair  and  did  not  alter  the  boilers  performance 
characteristics  as,  for  example,  a  replacement  of  the  front 
(burner)  wall  might  have. 

It  should  be  stated  that  this  conditon  did  not  result  from 
the  effects  of  any  tests  which  had  been  conducted  in  this  program. 
This  condition  was  considered  to  be  attributable  to  the  total 
accumulated  operating  hours  of  the  boiler  with  the  repair  require¬ 
ment  unfortunately  being  only  coincidental  with  the  conduct  of 
this  testing. 

2.4.4  Boiler  Tuning 

Upon  completion  of  each  boiler  cleaning  and  repair  procedure 
a  complete  tuning  of  the  test  boiler  combustion  equipment  and  con¬ 
trol  system  was  performed.  Specifically,  these  tunings  were 
accomplished : 

*  Prior  to  Pre  Long  Term  (Baseline)  Neat  Oil  Tests 

*  Prior  to  Interim  Baseline  Neat  Oil  Tests 

*  Prior  to  Final  Baseline  Neat  Oil  Tests 

To  assure  that  the  set  up  of  the  test  boiler  was  optimized 
relative  to  efficiency  and  operating  requirements,  technical  repre¬ 
sentation  from  the  Bigelow  Boiler  Company,  Peabody  Engineering 
and  Westinghouse  (Hagan  Combustion  Control)  were  present  at  the 
first  boiler  tuning  sequence.  At  this  time  all  manufacturers' 
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inputs  were  considered  and,  in  all  cases,  problem  areas  were  satis 
factorily  resolved.  The  following  paragraphs  highlight  the  major 
tuning  activities. 

Normal  operating  practice,  relative  to  burner  size  selection, 
had  been  to  use  a  number  of  different  sized  tips  over  the  boiler 
operating  range.  This  procedure  resulted  in  the  use  of  appromi- 
mately  four  different  tips  from  minimum  to  maximum  boiler  loads. 
The  proper  procedure  however  is  the  use  of  a  single  burner  tip 
size  over  the  entire  operating  range  of  the  boiler.  This  procedure 
permits  a  single  optimum  setting  of  the  burner  diffuser/tip  and 
dif fuser/throat  distances  which  is  not  possible  with  multiple  tip 
size  operation.  Further,  single  tip  size  operation  permits  more 
optimum  cam  settings  on  the  combustion  control  system. 

On  the  basis  of  the  manufacturer's  burner  curves  and  the 
anticipated  boiler  loading  profile,  a  116-82  tip  size  was  selected 
for  use  during  the  test  program. 

After  selection  of  the  burner  tip  size,  the  correct  tip  to 
diffuser  distance  was  set.  The  boiler  was  then  fired  at  its  maxi¬ 
mum  firing  rate  using  two  116-82  tips  and  the  diffusers  were 
positioned  in  the  burner  throats  for  optimum  flame  condition. 
Reference  marks  were  made  on  the  burner  tubes  to  permit  repeatable 
set  up. 

The  boiler  was  then  operated  through  its  entire  range  of  fuel 
oil  pressures  and  checks  by  both  the  burner  and  combustion  control 
representatives  confirmed  proper  operation. 

The  combustion  control  system  was  then  adjusted  to  provide 
minimum  permissible  oxygen  levels  over  the  boiler  operating  range. 
The  optimum  level  was  that  which  corresponded  to  a  twenty  percent 
(207o)  opacity  reading.  Specific  operating  instructions,  for  the 
combustion  control  and  the  trim  system,  including  curves  and 
graphs,  were  developed  for  use  by  the  boiler  operating  personnel 
to  achieve  consistent  and  optimum  levels. 
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Additionally,  any  worn  component  parts  of  the  burner  and  com¬ 
bustion  control  system  were  replaced.  These  included,  for  example, 
burner  tips,  springs,  cams,  etc. 

Finally,  a  number  of  boiler  and  auxiliary  system  alarm  and 
trip  settings  were  adjusted  to  more  reasonable  levels  to  eliminate 
nuisance  trips  experienced  during  the  preliminary  boiler  tests. 

During  all  subsequent  tuning  sequences  the  above  actions, 
where  applicable  and  required,  were  performed. 

2.5  Efficiency  Testing 

In  order  to  accurately  measure  the  improvements  in  efficiency 
obtained  through  cleaning,  tuning,  repair  and  proper  operation  of 
the  boiler  and  those  attributable  to  water  in  fuel  emulsion  firing 
a  series  of  controlled  efficiency  tests  were  performed.  Further, 
these  tests  were  also  conducted  to  quantify  any  loss  in  boiler 
efficiency  attributable  to  boiler  fouling  during  the  long  term 
test  periods.  These  efficiency  test  series  are  identified  as  fol¬ 
lows  with  a  discussion  of  the  objectives  associated  with  each  test 

*  Preliminary  Neat  Oil  Tests 

Efficiency  measurements  were  made  with  the  test  boiler  in  an 
"as  is"  condition  prior  to  any  cleaning,  repair,  tuning  or 
in  operating  procedure  modifications.  The  test  objective  was 
to  determine  the  efficiency  at  which  the  boiler  was  typically 
operated  and  thereby  identify  the  start  point  for  future 
efficiency  improvement. 

*  Pre  Long  Term  Neat  Oil  Tests 

These  efficiency  tests  were  performed  after  boiler  cleaning, 
repair  and  tuning  with  the  recovered  efficiency  levels  being 
attributable  to  these  actions.  The  boiler  efficiency  levels 
determined  during  these  tests  represented  the  efficiency 
baseline  level  against  which  boiler  efficiency  levels  when 
firing  emulsified  oil  were  compared. 

Additionally,  this  efficiency  test  data  represented  the 
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starting  levels  for  the  long  term  test  period.  Comparison  of 
the  data  with  the  efficiency  measurements  taken  at  the  end 
of  the  long  term  test  resulted  in  identification  of  the  level 
of  performance  degradation  over  the  test  period. 

Post  Long  Term  Neat  Oil  Tests 

At  the  completion  of  the  long  term  test  period  a  series  of 
efficiency  tests  were  conducted.  As  previously  mentioned, 
efficiency  values  of  this  test  were  compared  with  pre  long 
term  test  data  to  determine  the  effect  of  boiler  fouling  in 
performance  degradation. 

Interim  Baseline  Neat  Oil  Tests 

After  boiler  cleaning,  repairs  and  tuning,  an  efficiency  test 
series  was  performed  to  verify  that  no  shift  in  boiler  perfor¬ 
mance  had  occurred  and  that  the  boiler  had  been  returned  to 
a  condition  the  same  as  at  the  start  of  the  neat  oil  long 
term  tests.  This  data  was  also  considered  the  base  data  for 
the  emulsifier  optimization  tests. 

Pre  Long  Term  Emulsified  Oil  Tests 

The  efficiency  levels  measured  at  this  point  provided  the 
amount  of  efficiency  improvement  attributable  to  emulsion 
firing.  This  determination  was  a  result  of  a  comparison  of 
this  data  and  both  the  pre  long  term  neat  oil  test  data  and 
the  interim  baseline  test  data.  Secondly,  the  measure  effici¬ 
ency  levels  represented  the  start  point  for  the  long  term 
emulsified  oil  test. 

Post  Long  Term  Emulsified  Oil  Tests 

At  the  completion  of  the  long  term  emulsified  oil  tests,  the 
obtained  boiler  efficiency  levels  provided  the  measure  of 
performance  degradation  resulting  from  boiler  fouling  during 
the  long  term  test  period. 

Final  Baseline  Neat  Oil  Tests 

After  the  final  boiler  cleaning  and  tuning,  baseline  neat  oil 
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efficiency  measurements  were  made  to  again  confirm  no  major 
shift  in  boiler  performance  during  the  previous  long  term 
test  period. 

2.5.1  Efficiency  Test  Methodology 

Boiler  efficiency  determinations  were  made  in  accordance  with 
the  Abbreviated  Efficiency  Test  Method  of  PTC  4.1  of  the  American 
Society  of  Mechanical  Engineers  Power  Test  Codes  for  Steam  Gener¬ 
ating  Units.  Efficiencies  were  calculated  by  both  the  input/output 
and  the  heat  loss  methods.  The  Abbreviated  Efficiency  Test  Method 
considers  only  the  major  losses  and  only  the  chemical  heat  in  the 
fuel  as  input.  It  ignores  the  minor  losses  and  heat  credits.  These 
heat  losses  (moisture  in  air,  heat  in  atomizing  steam,  sensible 
heat  in  fuel,  primary  air  fan  power  and  heat  supplied  by  moisture 
in  entering  air)  have  a  minor  impact  on  the  calibrated  efficiencies. 
Also,  as  program  conclusions  are  based  on  comparative  analyses  of 
the  efficiency  tests,  with  the  minor  heat  losses  and  credits  being 
similar  for  each  test  series,  their  impact  is  further  minimized. 

Efficiency  tests  were  conducted  over  the  entire  boiler  operat¬ 
ing  range  from  approximately  207.  boiler  load  to  1007.  boiler  rating. 
For  each  test  series,  efficiency  measurements  were  taken  at  eight 
(8)  boiler  load  levels.  Every  boiler  efficiency  test  was  of  a  mini¬ 
mum  four  (4)  hour  duration. 

In  order  to  achieve  the  higher  boiler  load  levels  when  actual 
steam  demand  of  the  facility  was  minimal,  a  steam  venting  system 
was  installed  on  the  test  boiler.  Hand  regulation  of  the  system 
permitted  venting  of  steam  to  the  atmosphere  via  mufflers  to 
obtain  the  desired  boiler  load  level. 

During  the  course  of  efficiency  testing,  boiler  parameters 
required  by  PTC  4.1  were  logged  every  15  minutes.  Data  logging  was 
performed  both  manually  and  by  the  automatic  data  logger.  The  data 
logger  was  programmed  to  record  every  15  minutes  with  the  15 
minute  average  of  the  parameter  being  the  value  logged.  The 
parameters  being  monitored  and  recorded  by  the  data  logger  were: 
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fuel  flow  (gpm) 
fuel  temperature  (°F) 
fuel  pressure  (psig) 
fuel  viscosity  (SSU) 
steam  calorimeter  temp.  (°F) 
steam  flow  (LB/HR) 
steam  temperature  (°F) 
steam  pressure  (psia) 


feed  water  flow  (gpm) 
feed  water  temperature  (°F) 
feed  water  pressure  (psia) 
furnace  draft  C^O) 
flue  gas  temperature  (°F) 
flue  gas  O2  content  (7») 
combustion  air  temp.  (°F) 


A  sample  data  logger  sheet  is  provided  in  Appendix  B. 

Fuel  samples  were  obtained  for  each  efficiency  test  series. 
Fuel  oil  heat  content  and  specific  gravity  values  for  meter  cor¬ 
rection  were  used  in  the  efficiency  calculation.  All  efficiency 
calculations  were  made  with  a  calculator  programmed  in  accordance 
with  the  equations  in  PTC  4.1. 


2.6  Boiler  Emissions  Testing 

Concurrent  with  the  performance  of  efficiency  tests,  boiler 
emissions  testing  was  conducted.  The  following  analyses  of  flue 
gas  were  performed. 

*  Measurement  of  content  of  carbon  dioxide  (CC^),  carbon  mon¬ 
oxide  (CO),  oxygen  (O2)  and  nitrogen  (^i,  by  difference. 

These  parameter  values  were  used  to  calculate  excess  air  dur¬ 
ing  the  efficiency  tests. 

*  Measurements  of  particulate  and  oxides  of  nitrogen  (N0x)  emis¬ 
sion  rates.  These  measurements  were  made  during  selected 
efficiency  tests  to  determine  the  reduction  in  these  emission 
rates  when  firing  emulsified  fuel  oil  as  compared  to  neat  fuel 
oil . 

The  flue  gas  sampling  location  for  the  test  boiler  is  shown 
in  Figure  2-5.  As  indicated,  the  sampling  cross-section  is  situated 
9' 6"  downstream  and  7' 6”  upstream  from  the  nearest  flow  distur¬ 
bances.  This  location  meets  the  minimum  requirements  for  the 
determination  of  volumetric  flow  rate  and  isokinetic  sampling  for 
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Flue  Gas  Sampling  Location 


particulate  emissions  according  to  EPA  Methods  1  and  5^.  The 
sampling  cross-section  and  sampling  points  are  shown  in  Figure  2-6 

2.6.1  Measurements  of  CC^,  C^,  CO  and  ^ 

Measurement  of  these  parameters  was  performed  during  every 
efficiency  test  conducted  in  the  program.  Integrated  bag  samples 
were  collected  during  each  half  hour  of  each  four  hour  efficiency 
test  period.  Filtered  and  dried  samples  of  the  flue  gas  were 
collected  in  Tedlar  bags,  using  the  integrated  bag  sampling  appar 
atus  described  in  EPA  Method  3.  The  contents  of  each  bag  was 
analyzed  for  CC^,  O2  and  ^  with  an  Orsat  and  for  CO  with  an 
Ecolyzer  Model  2800.  The  Ecolyzer  uses  an  electrochemical  method 
to  measure  the  CO  concentration.  The  Ecolyzer  was  fitted  with  an 
SO2  scrubbing  column  to  remove  SO2  which  is  an  interference.  The 
Ecolyzer  was  calibrated  during  each  efficiency  test  with  a  gas 
having  a  known  CO  value.  The  Orsat  was  checked  daily  against  the 
ambient  air  to  insure  accurate  O2  readings.  All  of  the  integrated 
ga.«  samples  taken  for  the  tests  were  extracted  from  the  mid-point 
of  port  4,  shown  on  Figure  2-6. 

2.6.2  Measurement  of  Particulate  and  N0x 

Particulate  mass  concentration  was  measured  in  accordance 
with  EPA  Reference  Methods  1  through  5.  The  number  of  sampling 
points,  48,  and  location  of  sampling  points  was  determined  from 
the  distance  between  upstream  and  downstream  flow  disturbances  per 
Method  1.  The  sampling  time  for  each  traverse  point  was  three  (3) 
minutes  for  a  total  sampling  time  of  144  minutes  per  test.  To 
reduce  the  time  for  testing,  the  duct  was  sampled  with  two  Method 
5  trains  simultaneously. 

The  velocity  and  volumetric  flow  rate  of  the  flue  gas  were 
measured  with  an  S-type  Pitot  tube,  as  specified  in  Method  2.  The 
moisture  content  of  the  flue  gas  was  determined  by  condensation  as 
described  in  Method  4  and  5.  The  particulate  concentration  in  the 
flue  gas  was  determined  by  extracting  a  sample  stream  of  the  flue 

Appendix  A  -  Reference  Methods,  Title  40,  Chapter  1,  Part  60  -  Standards  of  Performance 

for  New  Stationary  Sources,  Federal  Register,  Vol.  36,  No.  247,  December  23,  1971  and 
as  revised  in  Vol.  42,  No.  160,  August  18,  1977. 
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isokinetically  (velocity  in  sampling  nozzle  equals  velocity  in 
duct  -  107o)  and  removing  the  particulate  from  the  stream  by  pass¬ 
ing  it  through  a  glass  fiber  filter.  The  temperature  of  the  ex¬ 
tracted  stream  was  maintained  at  248°F  -  25°F,  as  specified  in  EPA 
Method  5  to  prevent  condensation  xn  the  sampling  probe  or  on  the 
filter.  The  sample  stream  minus  the  particulate  was  then  passed 
through  a  condenser  and  silica  gel  to  remove  all  the  moisture.  The 
dry,  particulate-free  sample  was  pumped  through  a  dry  gas  meter 
which  measured  the  volume  sampled  and  through  a  calibrated  orifice 
meter  which  measured  the  instantaneous  sample  flow  rate.  The  weight 
of  particulate  collected  was  determined  gravimetrically  from  the 
tared  filter  and  beaker  in  which  the  probe  was  washed  with  acetone. 
The  samples  were  dried  in  an  oven  and  desiccated  to  constant 
weight.  The  concentration  was  calculated  from  the  weight  of  par¬ 
ticulate  collected  and  the  volume  of  dry  sample  gas  corrected  to 
standard  conditions.  The  mass  emission  rate  in  pounds  per  million 
BTU  fired  was  calculated  from  the  particulate  concentration,  the 
cubic  feet  of  stack  gas  per  million  BTU  based  on  a  stoichiometric 
calculation  from  the  fuel  analysis  and  the  percent  O2  in  the  flue 
gas. 

Complete  sampling  train  calibrations  (Pitot  tubes,  thermo¬ 
couples,  dry  gas  meter,  orifice  meter  and  nozzle)  were  performed 
prior  to  and  after  each  test  set.  These  calibrations  of  flow  and 
sample  volume  measurement  instruments  were  done  with  NBS  traceable 
standards . 

The  NO  concentration  was  monitored  during  each  particulate 
test  using  a  Monitor  Lab  Model  8430  N0x  Monitor.  The  monitor  first 
thermally  converts  all  the  NO  to  NO,  then  measures  the  NO  by 

A 

chemiluminescence.  The  sample  was  extracted  from  the  middle  of  the 
duct  through  sampling  port  number  4,  as  shown  in  Figure  2-6.  The 
sample  stream  was  filtered  and  dried,  using  a  Drystack  Model  SC-10 
sample  conditioner,  before  entering  the  monitor.  The  NO  concentra- 
tion  was  averaged  for  each  half  of  each  particulate  test.  The 
average  concentrations  were  used  with  fuel  analysis  and  percent 
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O2  to  perform  a  stoichiometric  calculation  of  pounds  N0x  per  mil¬ 
lion  BTU  fired. 

Particulate  and  N0x  measurements  were  made  during  the  follow¬ 
ing  noted  tests: 

*  Pre  Long  Term  Neat  Oil  Test 

*  Post  Long  Term  Neat  Oil  Test 

*  Pre  Long  Term  Emulsified  Oil  Test 

*  Post  Long  Term  Emulsified  Oil  Test 

During  each  test  period  the  measurements  were  made  at  two  (2) 
boiler  load  levels;  a  low  load  (approximately  357,  of  boiler  rating) 
and  a  high  load  (approximately  987.  of  boiler  rating).  At  each  of 
these  boiler  load  points,  five  (5)  repetitive  measurements  of  par¬ 
ticulate  and  N0x  were  made.  This  five  test  criteria  was  established 
prior  to  the  start  of  any  testing  and  was  based  on  the  ninety  per¬ 
cent  (907.)  probability  of  detecting  a  twenty  percent  (207.)  change 

in  emissions  when  the  measurement  method  has  a  ten  percent  (107.) 

2 

variability  in  precision  .  The  method  for  particulate  measurement 
has  been  shown  to  have  variability  in  precision  from  collaborative 
testing  .  While  this  five  test  criteria  appears  to  be  somewhat  con¬ 
servative  in  light  of  the  actual  test  results,  it  was  consistent 
with  the  overall  program  objectives  of  obtaining  accurate  and 
credible  data  within  practical  limitations. 

2.7  Long  Term  Boiler  Tests 

In  order  to  assess  the  impact  of  water  in  fuel  emulsion  firing 
on  boiler  fouling  and  performance  degradation  rates  as  compared  to 
neat  oil  operation,  two  long  term  boiler  tests  were  performed.  One 
test  was  conducted  using  neat  oil  and  the  second  was  performed 
with  emulsified  oil.  In  addition  to  measuring  and  comparing  boiler 
performance  degradation,  several  other  objectives  were  included  in 
the  long  term  testing.  These  were  to  assess  any  changes  in  mainte- 

2 

Natrella,  M.G.,  Experimental  Statistics,  National  Bureau  of  Standards  Handbook  91,  August  1963. 

3 

Midget ,  H.R.,  "Validating  New  Source  Performance  Standards,"  Environmental  Science  6  Technology, 
Vol .  11,  No.  7,  pp  655-659,  July  1977. 
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nance  requirements  resulting  from  emulsified  oil  operation  and  to 
identify  any  adverse  boiler  tube  corrosion  or  erosion  conditions 
as  a  consequence  of  water  in  fuel  emulsion  firing. 

Each  long  term  test  period  was  of  approximately  the  same  dura- 
ation,  eight  and  one-half  (8^)  months  for  the  neat  oil  versus  nine 
and  two-thirds  (9-2/3)  months  for  the  emulsified  oil  test.  In  order 
to  obtain  directly  comparable  test  data,  the  long  term  test  periods 
were  scheduled  to: 

(1)  Have  approximately  equivalent  amounts  of  fuel  oil  consumed 
during  each  long  term  test  period  (479,980  gallons  for  neat 
oil  versus  491,840  gallons  for  emulsified  oil  test). 

(2)  Experience  comparable  firing  rate  profiles  for  each  test 
period.  It  was  considered  undesirable  to  have,  for  example, 
one  test  conducted  totally  at  low  firing  levels  (summer  time) 
and  the  second  test  conducted  only  at  high  firing  rates  (win¬ 
ter  time ) . 

The  following  subsections  provide  the  details  of  the  long  term 
testing. 

2.7.1  Efficiency  and  Emissions  Degradation 

At  the  start  of  each  long  term  test  period,  neat  oil  and  emul¬ 
sified  oil,  the  boilers  were  in  a  cleaned  and  tuned  condition. 
Complete  efficiency  and  emissions  measurements  were  taken  to  estab¬ 
lish  starting  point  levels  to  be  used  in  a  comparison  of  test  end 
point  efficiency  and  emissions  levels.  The  difference  between  the 
start  and  end  point  levels  represented  the  amount  of  performance 
degradation.  A  comparison  of  the  neat  oil  performance  loss  and  the 
emulsified  oil  performance  loss  was  made  to  determine  any  benefit 
attributable  to  water  in  fuel  emulsion  firing. 

During  the  course  of  the  long  term  test  periods,  boiler  opera¬ 
ting  parameters  were  monitored  and  logged  every  four  (4)  hours.  The 
data  was  logged  manually  by  the  watchstander  and  automatically  by 
the  data  logger.  The  values  logged  by  the  data  logger  represented 
the  four  (4)  hour  average  for  each  parameter.  Additionally,  the 
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data  logger  was  programmed  to  record  parameters  during  the  four  (4) 
hour  period  if  the  boiler  experienced  a  load  swing  in  excess  of 
4000  LBS/HR. 

The  data  collected  was  reduced  and  analyzed  to  provide  a  daily 
"efficiency  ratio"  of  steam  generated  to  million  BTU's  fired.  The 
objective  of  this  analysis  was  to  determine  the  efficiency  loss 
trend  as  a  function  of  boiler  fouling  and  time.  This  data  proved 
to  be  of  minimal,  if  any  value  and  no  meaningful  conclusion  could 
be  drawn.  It  is  believed  that  the  test  boiler's  unique  load  profile 
(daily  and  seasonal)  provided  considerably  more  variability  in  the 
"efficiency  ratio"  than  the  fuel  fired. 

Boiler  inspections  were  performed  at  the  start  and  completion 
of  each  long  term  test  period.  This  procedure  provided  a  visual  as¬ 
sessment  of  the  boiler  fireside  condition  to  permit  a  comparison  of 
neat  oil  and  emulsified  oil  fouling  rates.  Further,  these  qualitative 
assessments  provide  verification  of  the  quantitative  analysis  of  ef¬ 
ficiency  loss  as  there  is  a  direct  correlation  between  boiler  clean¬ 
liness  and  efficiency  level. 

2.7.2  Boiler  Tube  Corrosion/Erosion 

In  order  to  assess  the  impact  of  water  in  fuel  emulsion  firing 
and  boiler  tube  corrosion  and  erosion  as  compared  to  neat  oil  fir¬ 
ing,  metallurgical  analysis  of  tube  materials  was  included  as  part 
of  the  long  term  boiler  testing. 

In  each  test,  neat  oil  and  emulsified  oil,  boiler  tube  test 
sections  (3"  long  x  1.2"  wide)  were  welded  into  boiler  tubes  lo¬ 
cated  where  maximum  erosion  and  corrosion  was  expected  to  occur. 
Material  test  samples  were  located  in  exactly  the  same  locations 
for  each  test.  In  each  case  six  (6)  tubes  in  the  boiler's  number  1 
tube  bank  and  three  (3)  tubes  in  the  number  14  tube  bank  were  fit¬ 
ted  with  test  pieces.  The  samples  in  the  number  1  tube  bank  were 
expected  to  experience  the  maximum  potential  for  erosion,  as  this 
bank  experiences  maximum  gas  temperature  and  velocities.  Test 
samples  were  installed  approximately  45  degrees  from  the  axis  of 
normal  gas  flow  and  directly  faced  the  flow. 


In  the  case  of  the  test  samples  placed  in  bank  number  14, 
these  were  expected  to  show  the  greatest  effect  of  corrosion  as 
gas  temperature  is  at  a  minimum  in  this  area.  The  test  samples 
were  installed  on  the  top  side  of  each  tube  facing  the  boiler  out¬ 
let  damper. 

Prior  to  the  installation  of  the  test  sample,  specific  gravity 
measurements  and  metallographic  and  spectrographic  analyses  on  the 
material  were  performed  to  establish  a  test  baseline.  The  thickness 
of  all  specimens  was  measured  prior  to  installation  in  the  boiler. 
Upon  removal  of  the  tube  samples  at  the  completion  of  the  long  term 
tests,  the  following  analyses  comprised  the  testing  procedure  to 
provide  sufficient  data  for  a  comparative  analysis  between  neat 
oil  and  emulsified  oil  firing. 

*  Specific  gravity  measurement 

*  Visual  characterization  of  deposits  in  tube  samples 

*  Semi-quantitative  spectrographic  analysis  of  tube  sample 
deposits 

*  Metallographic  analysis  to  determine  damage  and  deteriora¬ 
tion  at  the  grain  boundary 

*  Measurements  of  thickness  and  specific  gravity  after  clean¬ 
ing  test  samples 

As  a  consequence  of  procedures  employed  in  removal  of  the 
first  set  of  test  samples,  the  samples  suffered  damage  necessitating 
modification  of  the  foregoing  test  procedures.  The  results  of  these 
material  analyses  are  presented  in  Section  4.1  of  this  report. 

2.7.3  Maintenance  Considerations 

The  long  term  testing  also  included  an  assessment  of  the 
impact  of  water  in  fuel  emulsions  on  periodic  maintenance  require¬ 
ments.  These  maintenance  actions  included  what  can  be  considered 
as  routine  operational  items,  such  as  soot  blowing,  as  well  as 
longer  interval  periodic  maintenance  requirements,  such  as  boiler 
fireside  cleaning. 

In  order  to  assess  any  change  in  soot  blowing  requirements 


2-27 


r 

i  ' 
)■ 

». 


t 

f  ' 

i' 

1 


!. 

8 


! 


i 


< 


(extended  intervals)  when  operating  on  emulsions  as  compared  to 
neat  oil,  standard  operating  procedures  were  established. 

These  procedures  were  based  on  the  boiler  manufacturers  recom¬ 
mendations  that  tubes  should  be  blown  when  the  stack  temperature 
exceeds  clean  boiler  stack  temperature  value  by  25°F.  Therefore, 
this  25°F  differential  was  established  as  the  criteria  for  soot 
blowing.  As  an  operating  guide  for  use  by  the  boiler  room  watch- 
standers,  a  curve  of  stack  temperature  versus  boiler  load  was 
developed  using  data  obtained  from  cleaned  and  tuned  boiler  effici¬ 
ency  tests.  During  both  the  neat  oil  and  emulsified  oil  long  term 
tests,  soot  blowing  frequency  was  logged.  A  comparative  analysis 
was  then  made  to  determine  if  emulsified  oil  operation  permitted 
longer  intervals  between  soot  blowing  requirements. 

Finally,  on  the  basis  of  the  boiler  inspections  performed  at 
the  end  of  each  long  term  test  period,  an  assessment  was  made 
relative  to  boiler  fireside  cleaning  requirements  for  an  emulsion 
fired  boiler  as  compared  to  a  neat  oil  fired  unit.  Specifically, 
the  potential  for  extending  fireside  cleaning  intervals  was  of 
prime  consideration.  The  condition  of  the  boiler  fireside  (degree 
of  tube  fouling,  condition  of  brickwork,  etc.)  was  the  primary 
factor  used  in  this  assessment. 

2.8  Emulsifier  Optimization  Tests 

Prior  to  the  start  of  any  efficiency  and  emissions  testing 
using  water  in  fuel  emulsions,  a  series  of  emulsifier  optimization 
tests  were  performed.  The  objective  of  these  tests  was  to  identify 
the  water/fuel  ratio  of  the  emulsion  providing  optimum  boiler 
operating  effiency.  The  emulsifier  had  the  capability  of  generating 
a  high  quality  emulsion  with  water  concentrations  up  to  the  307, 
level  established  as  a  program  maximum. 

The  optimization  tests  were  performed  using  excess  air  level 
and  stack  opacity  as  the  key  test  parameters.  To  identify  the 
optimum  ratio,  two  basic  test  approaches  were  taken.  The  first 
approach  consisted  of  varying  water  concentration  of  the  emulsion 
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while  maintaining  a  constant  boiler  load  and  trimming  excess  air 
to  achieve  a  207»  opacity  level.  The  second  approach  involved  main¬ 
taining  a  constant  water  percentage  and  varying  boiler  load  from 
about  20%  to  1007o,  again  trimming  excess  air  to  a  207o  opacity  in¬ 
dication. 

During  all  testing,  combustion  control  was  operated  on  manual 
to  permit  maximum  trimming  of  excess  air.  Also,  sufficient  time 
was  allowed  at  each  test  point  to  achieve  stable  boiler  operation. 
Additionally,  between  tests,  when  the  water  percentage  was  varied, 
enough  time  was  allowed  to  permit  two  complete  refills  of  the  emul¬ 
sifier  receiver  to  be  assured  that  the  correct  water/fuel  ratio 
had  been  achieved. 

Upon  completion  of  the  optimization  testing  and  selection  of 
the  water  percentage  for  the  emulsion,  the  detailed  boiler  effici¬ 
ency  and  emissions  tests  were  conducted  (Pre  Long  Term  Emulsified 
Oil  Tests ) . 

2.9  Fuel  and  Water  Analyses 

Fuel  oil  quality  was  monitored  throughout  the  entire  program 
by  means  of  periodic  fuel  sample  analyses.  Additionally,  during 
emulsified  oil  test  periods,  the  quality  of  the  water  used  in  the 
emulsification  process  was  also  monitored. 

2.9.1  Fuel  Analyses 

Fuel  was  considered  to  be  one  of  the  variables  present  in  the 
test  program  which  had  the  potential  of  influencing  test  results. 

For  example,  high  vanadium  fuels,  especially  when  sodium  is  present, 
accelerate  boiler  fouling  rates.  If,  during  the  test  program,  it 
was  not  known  that  vanadium  and  sodium  levels  in  the  fuel  had 
varied  greatly  causing  atypical  fouling  rates  and  accelerated 
efficiency  degradation  rates,  then  erroneous  test  conclusions  might 
be  drawn  as  a  consequence  of  that  untimely  condition. 

While  strict  quality  control  was  considered  impractical  and 
would  have  created  a  somewhat  artificial  field  test  condition, 
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monitoring  of  fuel  quality  was  considered  essential  to  the  objec¬ 
tives  of  the  program.  While  extreme  quality  excursions  were  not 
anticipated,  nor  did  they  occur,  identification  of  such  a  situa¬ 
tion  would  have  permitted  the  opportunity  to  quantify  the  impact 
of  the  fuel  in  the  test  data.  Therefore,  a  fuel  sample  was  analyzed 
for  each  25,000  gallons  of  fuel  consumed.  The  following  fuel 
properties  were  obtained  from  the  analysis. 

Degrees  API  @  60°F  Nitrogen  % 

Specific  Gravity  @  60°F  Oxygen  T » 

Heating  Value  BTU/LB  Sulfur  1 

Viscosity  @  122°F  &  150°F  Water  by  Distillation  °L 

Ash  7o  Sodium  ppm 

Carbon  °L  Vanadium  ppm 

Fuel  samples  were  also  analyzed  at  each  efficiency  test  series 
to  provide  the  required  data  for  the  boiler  efficiency  calculations 
(e.g.,  heating  value,  specific  gravity  for  fuel  oil  meter  cor¬ 
rection,  etc.).  Sample  fuel  analyses  for  the  neat  oil  and  emulsi¬ 
fied  oil  tests  are  included  in  Appendix  C. 

Finally,  during  the  emulsified  oil  testing  the  analyses  pro¬ 
vided  a  method  of  verifying  that  the  proper  water  percentage  was 
being  used  in  the  emulsion. 

2.9.2  Water  Analyses 

Water  to  the  emulsifier  was  taken  from  the  New  London  water 
system.  While  it  was  reasonable  to  assume  that  water  quality  from 
the  public  system  would  remain  constant,  to  be  assured  of  this, 
water  analyses  were  performed  routinely  throughout  the  emulsified 
oil  long  term  test  period. 

The  water  was  analyzed  for  the  following  properties  which 
were  considered  to  have  the  greatest  potential  of  influencing 
boiler  fouling  rates  and  tube  corrosion  rates. 


3.0  FOLLAND  EMULSIFICATION  FUEL  SYSTEM 


3.1  Principle  of  Operation 

The  Folland  Emulsion  Fuel  System  is  based  on  the  patented 
"constant  input  -  variable  output"  principle  to  provide  precise 
control  of  the  water  to  fuel  oil  ratio  and  emulsion  quality  over 
the  entire  range  of  output  fuel  flows. 

This  control  is  achieved  by  means  of  an  automatic  cycling 
valve  which  is  activated  by  separate  high  level  and  low  level  sen¬ 
sors  in  the  emulsion  receiver.  When  the  receiver  level  reaches  the 
low  level  sensor,  the  automatic  cycling  valve  opens,  permitting  oil 
and  water  flow  into  the  emulsifying  unit  (Barodynamic  Resonator) 
where  the  emulsion  is  produced.  The  emulsion  then  flows  into  the 
receiver.  The  emulsion  flow  is  always  at  "constant  input"  to  the 
receiver  when  the  cycling  valve  is  open.  When  the  receiver  level 
reaches  the  high  level  the  automatic  cycling  valve  closes  and  re¬ 
mains  closed  until  the  next  cycle.  The  emulsion  can  be  drawn  out 
of  the  receiver  at  any  "variable  -  output"  rate,  depending  upon  the 
fuel  oil  demand  of  the  boiler. 


3.2  System  Description 

As  illustrated  in  Figure  3-1,  the  U.S.C.G.  Academy's  fuel  oil 
service  pump  discharges  to  the  emulsion  system  (Fuel  Oil  In)  at 
approximately  150  psig.  Delivery  pressure  is  controlled  by  a  back 
pressure  regulating  valve  (a)  .  When  the  emulsification  system's 
automatic  cycling  valve  (IT)  closes,  the  pressure  of  the  fuel  oil 
increases  causing  the  back  pressure  regulator  to  open  and  fuel  oil 
to  be  recirculated  back  to  the  oil  storage  tank. 


The  source  of  water  for  the  emulsification  system  in  this  test 
installation  is  the  city  water  system.  Water  flows  through  a  filter 
(not  included  with  emulsion  system)  then  through  a  strainer  (c)  into 
a  water  tank  (d)  via  a  float  operated  water  inlet  valve.  The  water 
tank  and  float  valve  configuration  provides  an  air  gap  between  the 
city  water  supply  and  the  fuel  oil  emulsion  system,  thus  precluding 
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any  possibility  of  oil  contamination  of  the  water  supply.  The 
water  injection  pump  (IT)  takes  suction  from  the  water  tank  and 
boosts  the  pressure  to  the  required  level  for  injection  into  the 
fuel  oil  stream.  The  injection  pressure  is  set  by  a  water  pressure 
regulating  valve  (F)  on  the  pump's  discharge.  The  water  pressure 
is  normally  set  for  20  to  60  psig  higher  than  the  fuel  oil  pressure 
The  required  pressure  is  dependent  on  the  water/fuel  ratio  desired 
and  the  water  orifice  size.  A  rotameter  (g)  indicates  the  amount 
of  water  being  injected  into  the  fuel  oil  stream.  The  automatic 
pneumatically  operated  cycling  valve  (ji),  which  is  controlled  by 
the  high  and  low  level  switches  in  the  receiver,  controls  the  flow 
of  fuel  oil  and  water.  When  the  low  level  switch  is  activated,  the 
automatic  cycling  valve  (IT)  will  open  and  allow  oil  and  water  to 
enter  the  Barodynamic  Resonator  (h)  where  the  emulsion  is  produced. 
The  water  in  oil  emulsion  then  flows  into  the  emulsion  receiver. 


This  operating  condition  is  illustrated  in  Figure  3-2.  When  the 
level  in  the  receiver  reaches  the  high  level  sensor,  the  automatic 
cycling  valve  (IT)  closes  and  remains  closed  until  the  level  in  the 
receiver  reactivates  the  low  level  switch.  Figure  3-3  illustrates 
this  operating  mode.  The  oil  booster  pump  (T)  (see  Figure  3-1) 
pumps  the  emulsion  from  the  receiver  to  the  boiler  burner  front. 
The  discharge  pressure  is  set  and  maintained  by  the  emulsion  pres¬ 
sure  regulating  valve  (7) .  The  entire  emulsion  system  may  be  by¬ 
passed  as  shown  on  Figure  3-4  by  changing  over  three  valves  which 
are  identified  as  VLV-1,  VLV-3  and  VLV-6  on  Figure  3-1. 


The  emulsion  receiver  is  equipped  with  additional  high  and  low 
level  limit  switches  in  addition  to  the  high  and  low  level  control 
sensors  described  earlier.  These  limit  switches  will  shut  the  emul¬ 
sion  fuel  system  down  in  the  event  of  too  high  or  too  low  a  level 
in  the  receiver.  The  receiver  is  also  provided  with  a  means  to 
maintain  the  emulsion  within  it  at  a  constant  head  pressure.  The 
receiver  pressure  is  controlled  by  pneumatic  make-up  and  bleed.  As 
the  emulsion  level  drops  in  the  receiver,  the  pressure  drops  which 
opens  the  constant  pressure  regulating  valve  on  the  compressed  air 
supply.  When  the  level  in  the  receiver  increases,  the  pressure 
rises  and  the  excess  compressed  air  escapes  through  a  relief  valve 
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Figure  3-2 

Flow  Diagram  for  Folland  ST  4  Series  Emulsion  Fuel  System 
with  System  Operating,  Cycling  Valves  Open  (Receiver  Level  Down) 
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into  the  vent  line.  A  check  valve  is  provided  in  the  compressed 
air  inlet  line. 

To  ensure  that  the  emulsion  system  can  be  restarted  after  a 
lengthy  shutdown,  which  could  be  difficult  due  to  the  high  viscosity 
of  the  cold  fuel  oil,  the  receiver  is  equipped  with  a  thermo¬ 
statically  controlled  electric  heating  element  which  is  set  at 
approximately  130°F. 

Built-in  sensors  will  detect  abnormal  conditions  within  the 
system,  such  as:  low  fuel  oil  pressure,  high  or  low  receiver  level, 
and  low  supply  tank  water  level.  These  sensors  are  wired  to  relays 
which  shut  the  unit  down  when  an  abnormal  condition  exists.  Indi¬ 
vidual  indicator  lights  on  the  front  panel  are  connected  to  each 
sensor.  These  lights  clearly  indicate  the  cause  of  a  shutdown. 

3.3  Barodynamic  Resonator 

The  heart  of  the  Folland  Emulsion  System  is  the  Barodynamic 
Resonator.  It  is  here  that  the  water  in  oil  emulsion  is  produced. 

The  Barodynamic  Resonator  is  illustrated  in  Figure  3-5.  The  follow¬ 
ing  is  a  summary  of  the  principles  of  operation. 

Water  is  injected  through  an  atomizing  nozzle  (water  orifice 
on  Figure  3-5)  into  the  main  oil  stream  and  dispersed  throughout 
the  oil  stream.  This  dispersion  then  flows  through  a  swirl-type 
nozzle  where  it  is  atomized  and  the  water  particles  are  broken  down 
further.  As  the  spray  leaves  the  main  nozzle,  it  impinges  on 
the  resonant  drum.  This  resonance  sends  shock  waves  through  the 
fluid,  cavitating  the  water  which  breaks  the  water  particles  down 
to  their  final  size  in  the  fuel.  The  emulsion  then  exits  the  Baro¬ 
dynamic  Resonator  and  flows  to  the  receiver. 

3.4  Emulsion  System  Installation 

The  U.S.C.G.  Academy  boiler  number  3  fuel  oil  system  with  the 
Folland  ST  4.150  Emulsifier  is  illustrated  in  Figure  3-6.  This 
location  allows  for  direct  volumetric,  viscosity,  pressure  and 
temperature  measurements  of  the  fuel  supplied  to  the  test  boiler. 
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Figure  3-5 

Folland  Barodynamic  Resonator 


PRESSURE  TRANSMITTER 


U.S.C.G.  Academy  Boiler  No.  3  Fuel  Oil  System  with  Emulsifier 


The  emulsion  system  is  of  a  two  component  (skid  and  receiver) 
modular  design.  The  skid's  dimensions  are  44"  wide  by  36"  deep  by 
39"  high.  The  receiver  is  26"  wide  by  28"  deep  by  56"  high.  The 
complete  system  weight  is  approximately  1000  pounds.  The  system's 
electrical  and  mechanical  schematics  are  included  in  Appendix  D. 

The  Folland  ST  4.150  Series  Emulsion  System  is  designed  for 
installation  with  number  six  (6)  fuel  oil  inlet  pressure  and  tempera¬ 
ture  of  130-150  psig  and  180-200°F,  respectively.  The  other  ser¬ 
vices  required  are  80  psi  compressed  air,  20  to  50  psi  water,  and 
electrical.  The  unit's  electrical  service  is  normally  440  volt, 
3-phase,  60  Hz.  However,  this  was  not  available  at  the  test  site 
and  therefore,  the  emulsifier  was  built  for  115V  AC,  single  phase 
and  220V  AC,  single  phase  power. 

Photographs  of  the  installed  ST  4.150  Emulsifier  are  presented 
as  Figure  3-7  (A  through  C). 

3.5  Emulsion  Quality 

The  quality  of  the  water  in  oil  emulsion  produced  by  the 
Folland  Emulsion  System  was  examined  as  part  of  the  emulsifier 
selection  process.  The  emulsion  quality  was  considered  satisfactory 
for  the  requirements  of  the  test  program.  Section  2.3.2  provides 
details  of  emulsion  quality  criteria  and  Folland 's  performance. 

The  emulsion  quality  was  checked  frequently  during  the  long 
term  emulsified  test  using  a  microscope  and  judged  to  be  suitable. 

A  photomicrograph  was  taken  of  a  670  water  in  oil  emulsion  sample 
collected  after  about  seven  (7)  months  of  operation  of  the  Folland 
system  and  is  presented  in  Figure  3-8.  The  20  micrometer  reference 
line  on  the  photo  can  be  used  to  gauge  the  size  of  the  water  drop¬ 
lets.  The  results  of  a  count  of  the  particles  by  size  in  a  2"  x  2" 
grid  on  the  photomicrograph  are  presented  in  Table  3-1.  This  emul¬ 
sion  indicates  a  slight  change  from  the  initial  emulsion  (see 
Section  2.3.2).  There  is  an  increase  in  the  number  of  small  water 
droplet  sizes  as  compared  to  the  distribution  in  the  initial  emul¬ 
sion  photomicrograph. 
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FIGURE  3-7 


Photo  C  -  Side  View 

Photographs  of  FoLLand  ST  4.130  Emulsifier  Installed 

At  U.S.C.G.  Academy 
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FIGURE  3-8 
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500X  Photomicrograph  of  6%  Water-in-Oil  Emulsion  Sample 
Collected  January  27,  1982  at  the  U.S.C.G.  Academy 
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SUMMARY  OF  WATER-IN-OIL  DROPLET  SIZE  DISTRIBUTIONS 
DURING  LONG  TERM  EMULSIFIED  OIL  TESTS 


100.0 


A  third  photomicrograph  was  taken  of  the  670  water  in  oil  emul¬ 
sion  sample  collected  during  the  post  long  term  emulsified  oil 
tests.  This  photomicrograph  is  presented  as  Figure  3-9  and  the 
results  of  the  particle  size  count  are  included  in  Table  3-1. 

3.6  Operating  Procedures  and  Maintenance 

Upon  completion  of  the  Folland  Emulsion  System  installation, 
the  initial  start-up  procedure  for  the  Folland  Emulsion  System  in¬ 
cludes  a  check-out  of  the  system's  controls,  and  also  serves  to 
familiarize  the  operator  with  the  systems  operation.  The  edited 
initial  start-up  procedure  from  the  Folland  Manual  is  presented 
below.  This  procedure  is  most  helpful  in  understanding  the  emulsion 
system's  operation.  Reference  should  be  made  to  Figures  3-1  and  3-6 
plus  Drawings  0212-3001  and  0212-4001  in  Appendix  D  for  clarifica¬ 
tion. 

Initial  Start-Up 

1)  Before  switching  on  power  to  the  unit, 

remove  the  water  pump  motor  fuse  (see  Dwg.  0212-3001 
in  Appendix  D) 

remove  the  booster  pump  motor  fuse 

place  temporary  jumpers  in  the  control  panel  to  by-pass 
the  following  limit  switches  to  allow  the  cycling  valve 
to  open  and  fill  the  receiver  with  fuel  oil: 

a)  low  level  in  receiver  limit  switch 

b)  low  water  level  in  the  water  supply  tank  limit 
switch 

2)  Slowly  open  oil  supply  valve  (VLV-1  in  Figure  3-6)  and  then 
oil  return  valve  (VLV-2)  observing  that  the  fuel  oil  system 
pressure  in  the  supply  line  does  not  fall  below  normal 
operating  limits. 

3)  Open  compressed  air  manual  inlet  valve  to  the  automatic 
cycling  valve  on  the  main  unit  only.  DO  NOT  SUPPLY  COM¬ 
PRESSED  AIR  TO  THE  RECEIVER  AT  THIS  TIME. 


4)  Ensure  that  the  valve  (VLV-4  in  Figure  3-1)  in  the  oil  line 


500x  Photomicrograph  67„  Water-In-Oil  Emulsion 
March  29,  1982 
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to  the  Barodynamic  Resonator  and  the  emulsified  oil  line 
and  the  valve  (VLV-5)  in  the  emulsified  oil  line  from  the 
Barodynamic  Resonator  to  the  receiver  are  closed. 

Put  power  on  to  the  unit.  Push  start  button  and  the  cycling 
valve  will  open  and  a  panel-mounted  light  will  be  illumi¬ 
nated  . 

Open  fully  VLV-4.  Then,  carefully  and  slowly,  partially  open 
VLV-5  while  observing  that  the  main  fuel  system  pressure  to 
the  boiler  does  not  drop  below  operating  conditions.  Opening 
this  valve  will  allow  oil  to  flow  into  the  receiver,  filling 
it.  The  cycling  valve  will  automatically  close  when  the  upper 
level  control  in  the  receiver  has  been  reached  and  the  cycle 
valve  indicator  light  will  go  out.  Fully  open  VLV-5. 

While  the  receiver  is  filling,  observe  the  pressure  gauge  on 
the  top  of  the  receiver  to  ensure  that  the  pressure  in  the 
receiver  does  not  exceed  20  psig. 

While  the  receiver  is  filling,  adjust  the  oil  pressure  regula¬ 
tor  (Figure  3-1)  to  give  120  to  150  psig  on  the  pressure 
gauge  on  the  Barodynamic  Resonator.  This  pressure  is  deter¬ 
mined  by  the  size  of  the  main  nozzle  in  the  Barodynamic 
Resonator  and  the  capacity  requirements  of  the  system. 

Disconnect  power  from  the  unit  and  replace  the  booster  pump 
fuse.  At  the  same  time,  remove  the  temporary  jumper  across 
low  receiver  level  limit  switch  terminals.  DO  NOT  INSTALL 
WATER  PUMP  FUSE  AT  THIS  TIME. 

Switch  power  on  to  the  unit,  and  using  the  start  and  stop 
buttons,  "JOG"  the  booster  pump,  observing  that  the  motor  and 
pump  are  turning  in  the  right  direction.  Reverse  direction 
if  necessary.  An  arrow  on  the  motor  indicates  the  correct 
direction  of  rotation. 

Start  unit  and  operate  it  (without  water  pump  operation)  and 
adjust  the  booster  pump  output  pressure  to  the  required  sys¬ 
tem  pressure,  using  the  emulsion  pressure  regulator  (Figure 
3-1).  NOTE:  this  pressure  may  have  to  be  readjusted  after 


the  final  receiver  pressure  adjustments. 

10)  Open  the  manual  drain  cock  on  the  receiver  vent  pipe,  in 
order  to  observe  the  vent  flow  while  adjusting  the  receiver 
pressure . 

11)  Open  the  manual  compressed  air  supply  valve,  supplying  com¬ 
pressed  air  to  the  receiver  and  adjust  the  receiver  pressure 
using  the  air  pressure  regulator  (lO)  and  the  relief  valve 
(see  Drawing  0212-4001  in  Appendix  D). 

12)  Close  the  drain  cock  on  the  receiver  vent  pipe. 

13)  Open  manual  water  inlet  valve  (3J)  and  fill  the  water  supply 
tank. 

14)  Disconnect  power  and  remove  the  temporary  jumper  across  low 
water  supply  tank  level  limit  switch  terminals. 

15)  Back  out  adjustment  screw  on  the  water  pressure  regulator 

16)  Put  power  back  on  to  the  unit  and  push  the  green  "Start" 
button  on  the  front  operating  panel,  and  hold  in  until  all 
red  indicator  lights  are  out,  and  the  "System  Started"  light 
comes  on.  Slowly  open  emulsion  out  valve  (VLV-3,  Figure  3-1) 
to  its  fully  opened  position.  Slowly  close  emulsion  system 
by-pass  valve  (VLV-6)  and  observe  system  for  proper  receiver 
filling. 

17)  Adjust  the  water  flow  to  the  desired  amount,  observing  the 
water  flow  meter  (l7)  using  the  water  pressure  regulator 
Make  this  adjustment  only  when  the  cycling  valve  is  open, 
indicated  by  the  pilot  light  on  the  front  panel. 

18)  It  may  be  necessary  to  re-adjust  the  oil  pressure,  using  the 
oil  back  pressure  regulator  (T) .  If  so,  be  sure  to  make  this 
adjustment  only  when  the  automatic  cycling  valve  is  open, 
indicated  by  the  pilot  light  on  the  front  panel. 


Normal  System  Shut-Down/Start-Ui 


To  shut-down,  first,  increase  the  boiler  excess  air  slightly 
to  prevent  smoking,  then  slowly  open  the  system  by-pass  valve, 
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VLV-6  on  Figure  3-1.  After  valve  VLV-6  is  fully  opened,  close 
emulsion  out  valve,  VLV-3.  Adjust  boiler  excess  air.  Press  the  red 
"Stop"  button  and  close  the  oil  supply  valve,  VLV-1,  and  return 
valve  VLV-2.  This  completely  isolates  the  emulsion  fuel  system 
from  the  boiler's  neat  fuel  oil  system. 

To  restart  the  system  while  the  emulsion  is  still  at  the 
proper  atomization  temperature,  the  above  procedure  is  reversed. 

If  the  oil  in  the  system  has  cooled,  ensure  that  power  had  been 
switched  on  to  the  unit  for  about  30  minutes  before  attempting  a 
restart.  This  will  allow  the  receiver  temperature  to  reach  a  pump¬ 
ing  temperature  of  130°F.  The  amber  "Oil  Temperature"  light  on 
the  receiver  will  go  out  when  the  correct  temperature  has  been 
reached.  The  130°F  oil  temperature  will  most  likely  be  below  the 
temperature  required  for  proper  atomization  and  therefore,  it  will 
be  necessary  to  recirculate  the  oil  or  emulsion  through  the  boiler's 
fuel  oil  heater  to  bring  it  up  to  the  proper  temperature.  If  an 
extended  shutdown  of  the  system  is  anticipated,  the  unit  should  be 
shutdown  and  the  water  pump  fuse  removed.  The  unit  should  then  be 
restarted  and  run  through  a  few  cycles  to  fill  the  receiver  with 
straight  fuel  oil.  When  oil  is  recirculated,  the  water  pump  should 
be  left  off  until  the  system  is  up  to  the  atomizing  temperature. 

The  system  should  then  be  stopped,  the  fuse  replaced  and  the  system 
started  and  lined  up  to  discharge  to  the  boiler. 

Normal  Operation  and  Maintenance  Procedures 

During  the  course  of  normal  operation,  the  emulsion  system 
should  maintain  the  pressure  and  water  flow  rate  set  during  the 
initial  start-up  of  the  unit.  The  particular  operating  conditions 
for  the  Folland  Emulsion  System  during  the  emulsified  oil  tests 
are  included  in  Table  3-2.  No  emulsion  system  adjustments  were 
made  unless  the  conditions  deviated  from  those  in  Table  3-2.  The 
oil  temperature  out  of  the  fuel  oil  heater  was  regulated  to  main¬ 
tain  the  oil  viscosity  at  the  burner  for  proper  atomization  (250 
to  300  SSU). 

The  emulsifier  system  requires  maintenance  on  a  regular  basis. 
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TABLE  3-2 


SPECIFIED  OPERATING  CONDITIONS  OF  THE 
FOLLAND  EMULSION  FUEL  SYSTEM,  MODEL  ST  4.150 
DURING  WATER-IN-OIL  EMULSION  TESTS 


Parameter 

Unit  Making 
Emulsion 

Unit  Not  Making 
Emulsion 

Fuel  Oil  Line  Press., 
pslg 

134 

150 

Water  Line  Press . , 
pslg 

230 

230 

Cell  Press.,  pslg 

130 

20 

Water  Flow  Rate, 
gpm 

0.40 

-0- 

Emulsion  Press., 
pslg 

142 

138 

Receiver  Press . , 
pslg 

19.5 

19.5 

The  manufacturers  recommeded  periodic  maintenance  schedule  follows. 
Every  100  Hours 

Water  Pump  -  squirt  3  drops  of  SAE  30  oil  into  each  of  the 
plunger  seal  holes. 

Every  500  Hours 

Water  Pump  -  replace  crankcase  oil  with  SAE  30  oil.  Crankcase 
must  be  filled  to  the  center  of  the  oil  gauge  window  found 
on  the  rear  of  the  crankcase . 

Every  1000  Hours 

Clean  water  inlet  strainer. 

Clean  compressed  air  filter  bowls. 

Every  8000  Hours 

Replace  water  orifice  and  main  nozzle  in  Barodynamic  Resona¬ 
tor.  Replace  all  seals  on  cycling  valve  assembly,  i.e.  oil 
valve  seals,  water  valve  seals  and  actuator  seals. 

Replace  diaphrams  and  seats  in  all  pressure  regulators  and 
relief  valves. 

Replace  belts  (on  belt  driven  water  pumps). 

Every  16000  Hours 

Replace  all  ball  valve  seals. 

Replace  all  actuator  seals. 

Replace  water  hoses. 

Replace  oil  pump  seals. 

3.7  Acquisition  and  Operating  Costs 
3.7.1  Acquisition  Cost 

The  purchase  price  of  the  complete  Folland  Fuel  Emulsion  Sys¬ 
tem,  Model  ST  4.150,  was  $12,650  F.O.B.  U.S.C.G.  Academy,  New  Lon¬ 
don,  Connecticut.  The  unit  was  ordered  on  November  11,  1980  and 
delivered  to  the  test  site  on  January  28,  1981. 
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The  above  price  was  for  a  basic  non-automated  system.  One 
basic  design  change  was  made  at  no  additional  cost  to  the  program. 
This  change  involved  replacement  of  the  backflow  preventer  in  the 
water  sys  :em  with  the  tank  and  float  valve  configuration  to  pro¬ 
vide  a  positive  air  break  between  the  water  and  oil  system.  The 
additional  cost  for  this  modification  would  be  approximately 
$450.00. 

3.7.2  Operating  Cost 

The  daily  cost  to  operate  the  Folland  Emulsion  System,  Model 
ST  4.150,  has  been  calculated  based  on  electrical  power  and  water 
consumptions.  The  electrical  services  considered  were  the  one  (1) 
horsepower  fuel  oil  booster  pump  motor,  the  3/4  horsepower  water 
pump  motor,  the  air  compressor  motor  and  the  emulsifier  system's 
controls.  The  electrical  heater  in  the  receiver  was  not  included 
because  it  is  normally  off  during  system  operation.  It's  activated 
only  when  the  receiver  oil  is  being  warmed  after  a  shutdown.  The 
system's  electrical  consumption  was  calculated  from  the  measured 
voltages  and  amperages  and  motor  manufacturer's  power  factors. 

The  air  compressor  electrical  consumption  was  based  on  the  air 
useage,  equal  to  the  average  daily  volume  of  emulsified  fuel  oil 
burned  during  the  long  term  emulsified  oil  test.  The  water  useage 
was  based  on  67»  of  the  average  daily  fuel  oil  useage. 

The  daily  operating  cost  breakdown  for  the  emulsion  system  is 
summarized  in  Table  3-3.  These  costs  are  based  on  the  January  1982 
utility  rates  for  the  U.S.C.G.  Academy.  The  utility  related  operat¬ 
ing  costs  amount  to  $3.27  per  day  to  operate  the  emulsifier. 

There  are  also  costs  associated  with  replacement  parts  for 
recommended  maintenance.  The  daily  costs  attributable  to  replace¬ 
ment  parts  and  lubrication  following  the  Folland  recommended 
schedule  are  included  in  Table  3-4  and  amount  to  $1.77  per  day. 

The  resulting  daily  operating  cost,  utility  plus  maintenance,  is 
$5.04  per  day. 


TABLE  3-3 


FOLLAND  ST  4.150  FUEL  EMULSION  SYSTEM 
CONSUMPTION  RATES  AND  DAILY  UTILITY  COSTS 


Consumer 

Amount  Consumed 

Per  Day 

$  Per  Day** 

Power  for  1  HP  F0  Booster 
Pump  Motor 

31.35  KW 

$  2.04 

Power  for  3/4  HP  Water 

Pump  Motor 

14.41  KW 

0.94 

Power  for  Emulsor 

Controls 

2.76  KW 

0.18 

Compressed  Air  for 

Emulsor* 

296  ft3  @  20  psig 

0.02 

Water  for  Emulsor* 

17.8  cu.  ft. 

0.09 

TOTAL 

$  3.27 

*  Based  on  average  of  2,215  gpd  oil  consumed  during  long  term 
emulsified  oil  tests. 

**  Based  on  January  1982  utility  cost  of  $0.065/KW-HR  and 
$0,526/100  ft3  water. 
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Item 

Recommended 
Replacement 
Schedule,  Hrs 

Cost  Per 
Item,  $ 

Cost  Per* 
Day,  $ 

12  Oz.  Water  Pump 
Crankcase  Oil 

500 

$  2.80 

$  0.13 

Oil  Pressure  Control 

Valve  Parts 

8,000 

74.00 

0.22 

Cycling  Valve  Parts 

8,000 

220.10 

0.66 

Receiver  Parts 

8,000 

12.70 

0.04 

Receiver  Parts 

16,000 

29.80 

0.05 

Barodynamic  Resonator 
Parts 

8,000 

103.76 

0.31 

Water  Pump  Parts 

8,000 

22.50 

0.07 

Booster  Pump 

16,000 

42.00 

0.06 

Water  Hoses 

16,000 

156.00 

0.23 

TOTAL 

$  1.77 

*  Price  of  October  1980 
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3.8  Emulsion  System  Performance  Histor 

Overall,  the  emulsion  system  operation  was  relatively  trouble 
free.  There  were  only  minor  electrical  and  mechanical  problems 
which  occurred  during  the  test  program.  These  problems  are  dis¬ 
cussed  below. 

*  Emulsion  fuel  system  shut  down  after  the  first  hour  of  opera¬ 
tion  after  start-up  due  to  a  blown  fuse  (FI).  Inspection  of 
the  wiring  diagram  and  the  unit's  wiring  revealed  that  fuse 
FI  was  in  series  with  fuses  F2  and  F3.  After  consultation 
with  Folland  Corporation,  the  wiring  was  changed  so  that 
fuses  FI,  F2  and  F3  are  in  parallel  (see  Drawing  No.  0212-3001 
in  Appendix  D). 

*  It  was  noted  that  during  the  emulsified  oil  optimization  tests 
that  the  wires  in  the  control  cabinet  were  overheated  and 
discolored.  These  wires  connect  the  fuses  and  neutral  side  to 
the  power  leads  and  were  16  AWG.  The  problem  was  due  to  the 
use  of  undersized  wire  for  the  24  amps  drawn  by  the  unit  and 
the  16  AWG  wires  were  replaced  with  12  AWG  wires.  Folland 
normally  manufactures  their  emulsifiers  for  440V  AC  three- 
phase  current,  in  which  case,  the  16  AWG  wire  would  have  been 
sufficient  for  the  lower  amperage.  The  emulsifier  at  the 
Academy  is  powered  by  115V  AC  single-phase  current  due  to 

the  available  service. 

*  On  August  26,  1981,  the  emulsifier  shut  down  on  low  receiver 
level  and  the  recycling  valve  would  not  open.  The  problem  was 
found  to  be  the  low  level  control  switch  stuck  in  the  open 
position.  The  low  level  switch  was  cleaned  and  operated  freely 

*  The  bearings  on  the  Folland  Emulsifier  fuel  oil  pump  motor 
failed  on  December  1,  1981.  The  manufacturer  supplied  a 
replacement  motor. 

*  On  January  20,  1982,  the  Folland  Emulsifier  shut  down  due  to 
a  low  receiver  level.  The  problem  was  found  to  be  a  stuck  low 
level  switch  which  was  cleaned  and  freed.  There  had  also  been 
a  problem  maintaining  the  proper  water  pressure  and  flow.  The 
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flexible  water  line  from  the  air-operated  valve  to  the  Baro- 
dynamic  Resonator  was  found  to  be  partially  plugged.  The 
entire  water  system  was  drained  and  flushed  and  the  water 
regulating  valve  was  inspected  and  the  valve  ground  in.  A 
leaky  seal  in  the  air-operated  control  valve  was  replaced  and 
the  fuel  oil  booster  pump  disassembled  for  seal  replacement. 
Upon  inspection,  the  fuel  pumps  main  bearings  were  found  to 
be  badly  worn  and  in  need  of  replacement.  The  manufacturer 
supplied  new  bearings  for  the  fuel  oil  booster  pump. 

*  On  February  9,  1982,  U.S.C.G.  Acadmey  personnel  reported  that 
the  water  regulating  valve  was  again  sticking  and  that  they 
were  not  able  to  maintain  the  proper  water  pressure  and  thus, 
the  correct  water  flow  rate.  Inspection  of  the  valve  internals 
showed  rust  on  the  guide  seat  which  was  believed  to  have 
caused  the  problem.  The  presence  of  rusting  in  the  system  was 
unexpected  because  the  system  remained  full  of  water  since 
installation.  However,  the  return  from  the  pump  discharge  to 
the  tank  was  above  the  water  level  and  it  is  possible  that 
air  enrichment  occurred,  resulting  in  the  rusting.  The  piping 
was  therefore  modified  so  that  the  regulating  valve  would 
discharge  to  the  pump  suction  rather  than  the  water  tank. 

The  regulating  valve's  rusted  parts  were  replaced  and  the 
system  functioned  properly. 

*  On  February  24,  1982,  U.S.C.G.  Academy  personnel  reported 
that  the  emulsifier  fuel  oil  regulating  valve  was  leaking 
through  the  bleeder  hole  which  indicated  a  bad  diaphram. 
Folland  supplied  a  new  diaphram. 

The  above  problems  are  not  believed  to  be  indicative  of  any 
chronic  machinery  troubles  which  could  require  upgrading.  It  is 
recommended  that  the  level  switches  be  inspected  and  cleaned 
quarterly. 

3.9  Recommended  Modifications  to  Fuel  Oil  and  Emulsion  Systems  At 
The  U.S.C.G.  Academy 

First,  it  is  recommended  that  the  Quick  Closing  Emergency 


3-25 


Shut-Off  Valve  be  relocated  downstream  of  the  emulsifier  piping 
connections  in  the  fuel  oil  system.  Referring  to  Figure  3-6,  the 
Quick  Closing  Emergency  Shut-Off  Valve  is  located  upstream  of  the 
emulsifier  piping  connections  in  the  fuel  oil  system.  The  Quick 
Closing  Emergency  Shut-Off  Valve  is  fitted  with  a  fusible  link 
which  is  designed  to  melt  in  a  fire  and  thereby  allow  the  valve  to 
close  by  spring-tension  and  shut-off  the  oil  supply  to  the  burners. 
In  its  present  configuration  with  the  emulsifier  operating,  if  the 
Quick  Closing  Emergency  Shut-Off  Valve  closes,  the  emulsifier  will 
shut  down  due  to  a  low  fuel  oil  pressure.  This  action  was  believed 
to  stop  the  emulsified  oil  flow,  however,  it  has  been  observed  that 
even  though  the  fuel  oil  pump  has  stopped,  the  20  psi  pressure  of 
the  emulsified  oil  in  the  receiver  is  sufficient  to  maintain  some 
fuel  flow  to  the  burners.  This  situation  represents  a  potentially 
hazardous  condition  because  all  emulsified  fuel  to  the  boiler  is 
not  immediately  stopped. 

It  is  also  recommended  that  the  emulsifier  discharge  ball 
valve,  VLV-3  in  Figure  3-6,  be  fitted  with  an  air  operated  actuator 
and  a  three-way  solenoid  valve  which  would  provide  a  positive  fuel 
oil  shut-off  to  the  boiler  when  the  emulsifier  shuts  down.  This 
recommendation  is  made  based  on  the  following  occurance  during  the 
long  term  emulsified  oil  test. 

During  the  change-over  of  the  fuel  oil  duplex  strainer,  a 
momentary  low  fuel  line  pressure  caused  the  emulsifier  shut  down 
on  the  low  oil  pressure  safety  trip.  Although  the  emulsifier  booster 
pump  had  stopped,  the  pressure  in  the  receiver  maintained  sufficient 
oil  flow  to  the  burners  so  that  the  fires  remained  lit.  There  was 
not,  however,  enough  flow  of  oil  to  maintain  the  boiler  steam  pres¬ 
sure.  As  the  steam  pressure  fell  off,  the  automatic  combustion  con¬ 
trol  system  increased  the  fuel  oil  regulating  valve  opening  to  com¬ 
pensate.  Noticing  that  the  emulsifier  had  shut  down,  the  operator 
restarted  it.  Consequently,  this  caused  an  excess  amount  of  fuel 
to  be  pumped  into  the  boiler  with  some  of  this  fuel  passing  into 
the  furnace  without  being  burned  at  the  burners.  When  this  fuel  did 
ignite,  a  flare-back  occurred  which,  fortunately,  caused  no  perceiv- 


able  damage  to  the  boiler. 


Although  the  flare-back  is  directly  attributable  to  an 
improper  operating  procedure  in  that  the  boiler  should  have  been 
shut  down  and  relit,  the  addition  of  the  air  operated  actuator 
would  have  prevented  the  flare-back.  The  actuator,  three-way  sole¬ 
noid  valve  and  bracket  cost  approximately  $320.  The  three-way  sole¬ 
noid  valve  would  be  connected  electrically  to  the  fuel  booster  pump 
power  supply  and  would  be  piped  to  maintain  air  pressure  on  the 
ball  valve  actuator  when  the  booster  pump  is  operating.  In  the  event 
of  an  emulsifier  shut  down,  the  power  supply  to  the  booster  pump 
is  interrupted  which  would  cause  the  three-way  solenoid  valve  to 
close  the  air  supply  and  vent  the  actuator.  The  actuator  spring- 
tension  would  then  close  the  emulsifier  discharge  valve  (VLV-3  in 
Figure  3-6)  and  stop  the  emulsified  fuel  flow  to  the  boiler. 

3.10  Spare  Parts 

Table  3.5  contains  the  manufacturer’s  recommended  spare  parts 
inventory  and  correspond  to  the  replacement  parts  for  the  8,000 
hour  and  16,000  hour  scheduled  maintenance.  These  parts  appear 
reasonable,  based  on  the  operating  experience  with  the  unit  at  the 
U.S.C.G.  Academy. 


TABLE  3-5 


RECOMMENDED  SPARE  PARTS  INVENTORY  FOR 
FOLLAND  ST  4.150  EMULSION  FUEL  SYSTEM 


Description  of  Item  On 
Which  Part  Is  Used 

Qty  of 

Part  Req'd 

Description  and 

Number  of  Part 

Oil  pressure  control 

Fisher  95H-  1" 

1 

Orifice  416  SST 
(metal  seat) 

P/N  IE3980  46172 

1 

Valve  plug  416SST 

P/N  1E3981  46172 

2 

Diaphram  302SST 

P/N  1E3992  36012 

1 

C  If  p  t” 

P/N  1E3993  04022 

2 

(7a  elf  p  f- 

P/N  1P7880  04022 

1 

0  ring 

P/N  1P7859  06242 

Cycling  valve  assembly- 
Actuator 

1 

Repair  kit  for  sole¬ 
noid  valve  block 
assembly 

1 

Sol nnoid  operator 

1 

Center  gear  retain¬ 
ing  washer 

6 

Piston  guide  rod 
bearings 

1 

Circlip  for  center 
gear 

6 

0  rings  for  guide 
rods 

1 

0  ring  for  upper 
center  gear 

1 

0  ring  for  lower 
center  gear 

2 

End  cap  0  rings 

2 

Piston  0  rings 

Cycling  valve  assembly- 
Oil  valve 

2 

1 

Belleville  washers 

Stem  seal 
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TABLE  3-5 
CONTINUED 


Description  of  Item  On 

Qty  of 

Description  and 

Which  Part  Is  Used 

Part  Req'd 

Number  of  Part 

Cycling  valve  assembly- 

1 

Thrust  bearing 

Oil  valve 
( Continued ) 

2 

Seat 

2 

Body  seal 

Cycling  valve  assembly- 
Water  valve 

2 

Belleville  washers 

Stem  seal 

1 

1 

Thrust  bearing 

2 

Seat 

2 

Body  seal 

Receiver- 
Relief  valve 

Fisher  289H 

1 

Gasket 

P/N  1F8268  0402 

0  ring 

1 

P/N  1F8266  0699 

2 

0  ring 

P/N  1D6875  0699 

1 

Diaphragm 

P/N  1E6066  0205 

Regulator,  air  pressure 

1 

Complete  assembly. 
Fisher  type  67- 
0-35  psi 

Barodynamic 

1 

Main  nozzle 

Resonator 

1 

Water  orifice  disc 

1 

Water  orifice  core 

1 

Resonator  drum 

1 

Set  0  ring  seals 

Water  pump 

3 

Kit  -  seal  877530 

1 

Drive  belt 

Booster  pump 

1 

Replacement 
mechanical  seal 

Miscellaneous 

1 

Set  of  water  hoses 
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4 . 0  PROGRAM  RESULTS 


Introduction 

This  section  presents  the  results  of  all  measurements,  both 
qualitative  and  quantatitive ,  made  relative  to  the  test  boiler  at 
the  U.S.C.G.  Academy.  These  measurements  are  categorized  as  follows: 

*  Boiler  efficiency 

*  Boiler  particulate  and  oxide 
of  nitrogen  emissions 

*  Boiler  tube  material 

*  Boiler  tube  surface  deposits 

*  Boiler  inspections 

4.1  Efficiency  Test  Results 

The  boiler  efficiency  was  determined  and  calculated  in  accor¬ 
dance  with  the  Abbreviated  Efficiency  Test  Method  of  PTC  4.1  of 
The  American  Society  of  Mechanical  Engineers  Power  Test  Codes  for 
Steam  Generating  Units,  using  Code  specified  instrumentation.  The 
Abbreviated  Efficiency  Test  Method  calculates  efficiency  from  heat 
output /input  and  the  heat  loss.  The  method  considers  only  the  major 
losses,  and  only  the  chemical  heat  in  the  fuel  as  input,  it  ignores 
the  minor  losses  and  heat  credits.  These  minor  heat  losses  (mois¬ 
ture  in  air,  heat  in  atomizing  steam,  sensible  heat  in  fuel,  pri¬ 
mary  air  fan  power  and  heat  supplied  by  moisture  in  entering  air) 
have  a  negligible  impact  upon  the  calculated  efficiencies.  Their 
impact  will  be  further  minimized  because  these  efficiencies  are 
compared  with  other  test  series  with  the  minor  heat  losses  and 
credits  being  similar  for  each  test  series.  Section  2.5.1  contains 
a  complete  description  of  the  efficiency  testing. 

This  section  presents  only  those  efficiencies  as  measured  by 
the  heat  input-output  method.  Much  more  confidence  is  placed  in 
the  efficiencies  as  measured  by  the  heat  input-output  method  as 
compared  to  the  heat  loss  method  because  all  the  parameters  used 
in  the  heat  input-output  method  were  measured  using  calibrated 
instruments.  In  the  heat  loss  method,  several  parameters  (combustibles 
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in  fly  ash,  radiation  and  unmeasured  losses)  are  either  assumed  or 
from  curves  which  may  not  be  accurate  for  the  test  boiler.  The  com¬ 
pleted  ASME  Test  Forms  for  all  efficiency  tests  are  included  in 
Appendix  E. 

The  efficiency  testing  program  was  designed  to  cover  the 
boiler  operating  range  of  25%  to  100%  of  the  rated  capacity  of 
28,500  LBS/HR.  Thus,  eight  (8)  load  levels  were  run  for  each  test 
series.  The  efficiency  data  for  each  test  series  were  fit  to  a 
parabola  of  the  form: 

2 

y  =  a  +  bx  +  cx 

using  the  least  square  method.  Graphs  depicting  the  test  data 
points  and  the  fitted  curves  for  all  tests  are  presented  in 
Appendix  F. 

The  desired  load  levels  were  obtained  by  adjusting  the  boiler' 
firing  rate  to  the  desired  load  level.  Excess  steam  generated  was 
manually  dumped  to  the  atomosphere  through  a  line  from  the  steam 
header  to  silencers  above  the  boiler  room  roof.  The  test  boiler  was 
operated  at  a  constant  firing  rate  with  the  steam  dump  valve  modu¬ 
lated  to  maintain  the  required  steam  pressure.  Summaries  of  the 
combustion  and  operational  parameters  during  each  test  are  included 
as  Appendix  G. 

The  efficiency  testing  was  performed  during  each  of  the  test 
series  which  were  run  to  determine  the  following: 

*  The  improvement  in  efficiency  due  to  boiler  cleaning  and 
tuning 

*  The  degradation  in  efficiency  after  long  term  continuous 
operation  on  neat  (unconditioned)  oil 

*  The  difference  in  efficiency  when  firing  emulsified  oil  as 
compared  to  neat  oil 

*  The  degradation  in  efficiency  after  long  term  continuous 
operation  on  emulsified  oil 

*  Any  changes  in  efficiency  of  the  cleaned  and  tuned  boiler  on 
neat  oil  during  the  entire  test  period 


TABLE  4-1 


SCHEDULE  OF  EFFICIENCY  TESTS  PERFORMED  ON 
BOILER  NO.  3  AT  U.S.C.G.  ACADEMY 


Test  Dates 

Description  of  Test  Series 

8/12-15/1980 

Preliminary  tests  on  untuned,  dirty 
boiler  firing  neat  oil 

9/9-18/1980  and 
10/7-8/1980 

Pre  Long  Term  tests  on  tuned,  cleaned 
boiler  firing  neat  oil 

5/4-13/1981 

Post  Long  Term  tests  after  eight  and 
one-half  (8^)  months  firing  neat  oil 

6/8-12/1981 

Interim  Baseline  tests  on  tuned, 
cleaned  boiler  firing  neat  oil 

6/22-30/1981 

Pre  Long  Term  tests  on  tuned,  cleaned 
boiler  firing  emulsified  oil 

3/22-30/1982 

Post  Long  Term  tests  after  nine  and 
two-thirds  (9-2/3)  months  firing 
emulsified  oil 

4/12-15/1982 

Final  Baseline  tests  on  tuned,  cleaned 
boiler  firing  neat  oil 

Testing  was  broken  down  into  individual  test  series  to  allow 
for  comparison  in  the  determination  of-  the  above.  Table  4-1  is  a 
summary  of  the  test  series  with  the  test  dates. 

4.1.1  Base  Line  Tests 

The  interim  base  line  and  final  base  line  neat  oil  tests  were 
conducted  immediately  after  boiler  cleaning  and  tuning  to  determine 
if  the  boiler  had  been  properly  cleaned  and  tuned  and  if  there  had 
been  a  shift  in  boiler  performance  which  would  bias  any  test 
results.  The  completed  ASME  Test  Forms  for  the  tests  are  included 
in  Appendix  E.  The  efficiency  test  results  for  the  Pre  Long  Term, 
Interim  Base  Line  and  Final  Base  Line  Neat  oil  tests  are  plotted 
on  Figure  F-2,  F-4  and  F-7  in  Appendix  F,  along  with  the  curves  of 
best  fit  of  each  data  set.  These  results  were  compared  with  the 
Pre  Long  Term  neat  oil  tests  and  the  results  presented  graphically 
in  Figure  4-1  and  tabulated  in  Table  4-2. 

TABLE  4-2 

PRE  LONG  TERM,  INTERIM  BASELINE  AND  FINAL  BASELINE 
NEAT  OIL  EFFICIENCY  TEST  RESULTS 


Heat  Output/Input  Efficiency  From 
Curve  Fit  of  Test  Data,  X 

Arithmetic  Avg.  of 

Pre  Long  Term,  Interim 
Baseline  &  Final  Base¬ 
line  Results,  X 

Boiler 

Load,X 

Pre  Long 
Term 

Interim 

Baseline 

Final 

Baseline 

Averaged  Baseline 

30 

80.1 

80.8 

78.6 

79.8 

50 

78.2 

80.5 

77.2 

78.6 

70 

77.3 

79.6 

76.4 

77.8 

90 

77.3 

78.1 

76.3 

77.2 

The  variability  in  efficiencies  observed  in  these  test  results 
is  believed  to  be  the  result  of  a  combination  of  the  allowable 
instrument  errors  and  operator  differences,  and  no  significant  shift 
in  boiler  performance  is  suspected  during  the  test  period.  The 
mathematical  average  of  the  three  curves  is  used  as  the  basis  for 


Figure  4-1 

Comparison  of  Pro-Long  Torm,  Interim  Base  Lino  an4 
Final  Base  Lino  Neat  Oil  Efficiency  Testa,  Curve  Fits  of  Heat  Output/Input  Data 


BOILER  LOAD,  %  OF  MAXIMUM  LOAD  (28,500  LBS/HR) 


the  test  data  comparisons  for  the  other  tests  to  follow. 


A. 1.2  Preliminary  versus  Averaged  Baseline  Neat  Oil  Test 

The  purpose  of  the  Preliminary  Neat  Oil  Efficiency  Tests  was 
to  establish  the  operating  efficiency  of  the  boiler  over  its  operat¬ 
ing  range  before  the  fireside  and  waterside  cleaning  and  extensive 
tuning.  The  Preliminary  Neat  Oil  efficiency  test  results  are  com¬ 
piled  on  the  ASME  Test  Forms  in  Appendix  E.  The  efficiency  test 
results  for  each  load  level  is  plotted  along  with  the  curve  of  best 
fit  in  Appendix  F  (see  Figure  F-l).  These  results  are  compared  with 
the  Averaged  Baseline  Neat  Oil  Tests  in  Figure  4-2  and  summarized 
on  Table  4-3.  Noting  Figure  4-2,  boiler  cleaning  and  tuning  improved 
efficiency  over  the  entire  operating  range  with  the  greatest 
improvements  in  the  lower  207.  -  407.  and  higher  807.  -  1007.  load 
ranges.  Table  4-3  shows  the  largest  regain  in  efficiency  to  be  2.97. 
at  307,  load.  The  smallest  regain  in  efficiency  was  0.67.  at  707.  load. 
These  results  are  consistent  with  the  boiler  being  operated  at  high 
excess  air  levels  at  low  load  levels  during  the  preliminary  tests, 
causing  the  reduced  efficiency  at  the  lower  power  levels.  The  dirty 
tube  surfaces  are  believed  to  have  been  the  cause  of  the  lower 
efficiency  over  the  entire  range  with  the  highest  losses  occurring 
at  the  higher  load  levels. 


TABLE  4-3 

EFFICIENCY  TEST  RESULTS,  COMPARISON  OF  PRELIMINARY  AND 
AVERAGED  BASELINE  NEAT  OIL  TESTS 


Heat  Output /Input 
From  Curve  Fit  of 

Efficiency 
Test  Data, 7. 

Boiler 
Load ,  % 

Preliminary 

Averaged 

Baseline 

Averaged  Baseline  Effic¬ 
iency  Minus  Preliminary 
Efficiency,  7. 

30 

76.9 

79.8 

2.9 

30 

77.7 

78.6 

0.9 

70 

77.2 

77.8 

0.6 

90 

75.5 

77.2 

1.7 

Figure  4-2 

Comparison  of  Preliminary  and  Averaged  Base  Line  Neat  Oil 
Efficiency  Tests,  Curve  Fits  of  Heat  Output/Input  Data 


BOILER  LOAD,  %  OF  MAXIMUM  LOAD  (28,500  LBS/HR) 


4.1.3  Post  Long  Term  versus  Averaged  Baseline  Neat  Oil  Tests 

The  purpose  of  the  Post  Long  Term  Neat  Oil  Efficiency  Tests 
was  to  determine  the  operating  efficiency  of  the  boiler  after  pro¬ 
longed  operation.  This  data  was  compared  to  the  Averaged  Baseline  Neat 
Oil  Efficiency  Test  data  to  determine  the  extent  of  degradation  due 
to  fouling  of  the  boiler  tube  surfaces  during  a  period  of  typical 
operation  on  neat  oil.  This  data  is  also  to  be  compared  with  the 
degradation  during  the  long  term  emulsified  oil  tests  to  determine 
if  there  is  any  difference  in  the  rate  of  tube  fouling  when  firing 
an  emulsified  oil  rather  than  a  neat  oil.  The  Post  Long  Term  Neat 
Oil  Efficiency  test  results  are  tabulated  on  the  ASME  Test  Forms 
in  Appendix  E.  Appendix  F  (Figure  F-3)  illustrates  the  test  results 
and  the  curve  of  best  fit  of  the  test  data.  Table  4-4  and  Figure 
4-3  present  comparisons  of  the  statistical  test  results  of  the  Post 
Long  Term  and  the  Averaged  Baseline  Neat  Oil  Tests.  The  results 
indicate  a  degradation  or  loss  in  the  boiler  efficiency  for  the 
entire  load  range  with  the  highest  loss  in  efficiency  occurring  at 
the  high  loads  (1.8%  @  907.  load).  The  result  was  as  expected  in  that 
the  soot  accumulation  on  the  boiler  fireside  caused  reduced  heat 
transfer  over  the  entire  load  range  with  the  maximum  loss  occurring 
at  high  loads  when  gas  flow  is  maximum  and  therefore  the  time  for 
heat  transfer  is  minimum. 


TABLE  4-4 

EFFICIENCY  TEST  RESULTS,  COMPARISON  OF  POST  LONG  TERM 
AND  AVERAGED  BASELINE  NEAT  OIL  TESTS 


Heat  Output /Input  Efficiency 
From  Curve  Fit  of  Test  Data.% 

Boiler 
Load ,  % 

Post  Long 
Term 

Averaged 

Baseline 

Averaged  Baseline  Effic¬ 
iency  Minus  Post  Long 

Term  Efficiency,  % 

30 

79.1 

79.8 

0.7 

50 

77.8 

78.6 

0.8 

70 

76.6 

77.8 

1.2 

90 

75.4 

77.2 

1.8 

i 

i 

1 

i 
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4.1.4  Pre  Long  Term  Emulsified  Oil  versus  Averaged  Baseline  Neat 
Oil  Tests 

The  purpose  of  the  Pre  Long  Term  Emulsified  Oil  Efficiency 
tests  was  to  quantify  the  operating  efficiency  of  the  cleaned  and 
tuned  boiler  firing  emulsified  oil.  This  data  was  compared  to  the 
Averaged  Baseline  Neat  Oil  Efficiency  Test  data  to  determine  the 
extent  of  efficiency  gains  or  penalties  due  to  firing  an  emulsified 
oil.  The  Pre  Long  Term  Emulsified  Oil  Efficiency  Test  results  are 
tabulated  on  the  ASME  Test  Forms  in  Appendix  E.  Figure  F-5  in 
Appendix  F  graphically  represents  the  test  results  plus  the  curve 
of  best  fit  of  the  test  data.  Table  4-5  and  Figure  4-4  present  the 
comparisons  of  the  statistical  test  results  of  the  Pre  Long  Term 
Emulsified  and  the  Averaged  Baseline  Neat  Oil  Tests.  The  results 
show  that  the  boiler  was  more  efficient  on  emulsified  oil  over  the 
477o  to  91%  boiler  load  range,  however,  the  maximum  gain  in  effici¬ 
ency  was  small  (0.7%).  The  shift  from  an  efficiency  loss  with  the 
emulsified  oil  for  boiler  load  less  than  47%  to  an  efficiency  gain 
for  the  47-91%  boiler  load  and  back  to  an  efficiency  loss  for 
boiler  load  greater  than  917.  is  not  consistent  with  what  would  be 
expected. 

TABLE  4-5 

EFFICIENCY  TEST  RESULTS,  COMPARISON  OF  PRE  LONG  TERM 
EMULSIFIED  AND  AVERAGED  BASELINE  NEAT  OIL  TESTS 


Heat  Output/Input  Efficiency 
From  Curve  Fit  of  Test  Data  ,7. 

Boiler 
Load  ,7. 

Pre  Long  Term 
Emulsified 

Averaged 

Baseline 

Pre  Long  Term  Emulsified 
Efficiency  Minus  Averaged 
Baseline  Efficiency,  7. 

30 

78.2 

79.8 

-  1.6 

50 

78.9 

78.6 

0.3 

70 

78.5 

77.8 

0.7 

90 

77.2 

77.2 

0.0 

Figure  4-4 

Comparison  of  Averaged  Baso  Lino  Noat  Oil  and  Pro-Long  Torm 
Emulsified  OH  Efficiency  Tests,  Curve  Pits  of  Heat  Output/ Input  Date 
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BOILER  LOAD,  %  OF  MAXIMUM  LOAD  (28,500  LBS/HR) 


The  reason  for  the  unexpected  results  are  believed  to  be 
operator  differences.  Further,  comparison  of  the  particulate  emis¬ 
sion  test  results  (see  Section  4.2.2)  shows  a  considerable  reduc¬ 
tion  in  the  particulate  emissions  during  both  high  and  low  load 
tests.  This  reduction  in  particulate  emissions  while  firing  an 
emulsified  oil  indicates  that  it  would  have  been  possible  to  further 
trim  the  excess  air  during  the  emulsified  oil  tests.  A  more  detailed 
discussion  of  the  relationship  between  efficiency,  emissions  and 
excess  air  is  presented  in  Section  4.5.1. 

4.1.5  Pre  versus  Post  Long  Term  Emulsified  versus  Post  Long  Term 
Neat  Oil  Tests 

The  purpose  of  the  Post  Long  Term  Emulsified  Oil  Efficiency 
Tests  was  to  determine  the  operating  efficiency  of  the  boiler  after 
firing  emulsified  oil  for  a  prolonged  period.  This  data  was  com¬ 
pared  to  the  Pre  Long  Term  Emulsified  Oil  Efficiency  Test  data  to 
determine  the  extent  of  degradation  due  to  fouling  of  the  boiler 
tube  surfaces  during  a  period  of  typical  operation  on  emulsified 
oil.  The  data  was  also  compared  to  the  Post  Long  Term  Neat  Oil 
Efficiency  Test  data  to  assess  the  differences  in  boiler  efficiency 
degradation  for  the  different  oils.  The  Post  Long  Term  Emulsified 
Oil  Efficiency  Test  results  are  tabulated  on  ASME  Test  Forms  in 
Appendix  E.  Appendix  F  (Figure  F-6)  illustrates  the  test  results 
and  shows  the  curve  of  best  fit  of  the  test  data.  Table  4-6  and 
Figure  4-5  present  comparisons  of  the  statistical  test  results  of 
the  Pre  and  Post  Long  Term  Emulsified  Oil  Tests. 

The  results  show  the  expected  degradation  in  boiler  efficiency 
for  boiler  loads  greater  than  44%.  The  improvement  in  efficiency 
for  the  lower  load  tests  again,  as  in  Section  4.1.4,  indicates  that 
excess  air  was  not  trimmed  as  much  as  possible  during  the  Pre  Long 
Term  Emulsified  Oil  Efficiency  Tests.  Figure  4-6  presents  the 
graphical  comparison  of  the  post  long  term  neat  and  emulsified  oil 
tests.  The  graph  shows  that  the  boiler  efficiency  was  the  same  or 
higher  at  the  end  of  the  long  term  emulsified  oil  test,  indicating 
a  slightly  cleaner  boiler  than  at  the  conclusion  of  the  long  term 
neat  oil  test. 
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Figure  4-5 

Comparison  of  Pro  and  Post  Long  Term  Emulsified  Oil 
Efficiency  Tests,  Curve  Fits  of  Heat  Output/Input  Data 
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BOILER  LOAD,  %  OF  MAXIMUM  LOAD  (28,500  LBS/HR) 


Figure  4-6 

Comparison  of  Post  Long  Term  Neat  Oil  and  Post  Long  Term 
Emulsified  Oil  Efficiency  Tests,  Curve  Fits  of  Heat  Output/Input  Data 


BOILER  LOAD,  %  OF  MAXIMUM  LOAD  (28,500  LBS/HR) 


TABLE  4-6 


EFFICIENCY  TEST  RESULTS,  COMPARISON  OF  PRE  AND  POST 
LONG  TERM  EMULSIFIED  OIL  TESTS 


Heat  Output/Input  Efficiency 
From  Curve  Fit  of  Test  Data  ,7* 

Boiler 

Load,% 

Pre  Long  Term 
Emulsified 

Post  Long  Term 
Emulsified 

Pre  Long  Term  Emulsifiec 
Efficiency  Minus  Post 
Long  Term  Emulsified 
Efficiency 

30 

78.2 

81.0 

-  2.8 

50 

78.9 

78.2 

0.7 

70 

78.5 

76.7 

1.8 

90 

77.2 

76.3 

0.9 

4.2  Emission  Test  Results 

The  boiler's  particulate  emissions  were  measured  in  accordance 
with  EPA  Reference  Methods  1  through  5.  The  test  boiler's  flue  gas 
was  sampled  with  two  (2)  sampling  trains  simultaneously  to  reduce 
the  time  required  for  emission  testing.  The  particulate  concentra¬ 
tion  was  determined  by  extracting  a  sample  of  the  flue  gas  stream 
isokinetically  and  removing  the  particulate  from  the  sample  stream 
with  a  tared  glass  fiber  filter.  The  particulate  concentration  was 
calculated  from  the  gravimetric  analysis  of  the  filter  and  the 
volume  of  gas  sampled.  The  oxide  of  nitrogen  emissions  were  measured 
during  each  particulate  test  using  a  Monitor  Labs  Model  8430  N0x  Mon¬ 
itor.  The  analyzer  first  thermally  converts  all  the  N0x  to  NO,  then 
measures  NO  concentration  by  chemiluminesence .  Section  2.6  contains 
the  complete  details  of  the  particulate  and  oxide  emission  testing. 

The  boiler  flue  gas  particulate  and  oxide  of  nitrogen  emis¬ 
sions  were  measured  at  boiler  high  and  low  load  levels  during  the 
pre  and  post  long  term  neat  oil  and  emulsified  oil  tests.  The  par¬ 
ticulate  and  NO  tests  were  repeated  five  (5)  times  at  each  boiler 
load  level  to  provide  sufficient  data  for  statistical  comparison. 


4.2.1  Pre  versus  Post  Long  Term  Neat  Oil  Tests 
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The  results  of  the  emission  tests  for  the  Pre  and  Post  Long 
Term  Neat  Oil  Tests  are  presented  in  Tables  H-l,  2,  3  and  4  in 
Appendix  H.  Table  4-7  is  a  summary  of  the  emission  test  results  for 
the  Pre  and  Post  Long  Term  Neat  Oil  Tests.  Table  4-7  also  contains 
the  fuel  oil  ash  content  expressed  as  pounds  per  million  BTU's  of 
fuel  oil  fired,  the  percentage  by  weight  of  nitrogen  in  the  fuel 
and  the  percentage  of  flue  gas  excess  air  during  each  test  series. 
Comparison  of  both  high  and  low  load  particulate  results  (see 
Table  4-7)  for  the  Pre  and  Post  Long  Term  Neat  Oil  Test  shows  a 
considerable  decrease  in  the  particulate  emissions  during  both  the 
high  and  low  load  tests.  This  is  believed  to  have  been  the  result 
of  operating  with  the  Hagan  Combustion  Control  System  in  the  manual 
mode  during  the  Post  Long  Term  Neat  Oil  Tests.  Unstable  combustion 
occurred  at  times  during  the  Pre  Long  Term  Neat  Oil  Tests  when  the 
steam  dump  valve  was  opened  or  closed  too  quickly  and  the  Hagan 
system  compensated  for  the  sudden  pressure  change.  The  fuel  oil  ash 
content  was  also  lower  for  the  Post  Long  Term  Neat  Oil  Tests. 
However,  the  difference  in  particulate  emissions  cannot  be  totally 
explained  by  the  higher  fuel  oil  ash  content  during  the  Pre  Long 
Term  Test. 

The  results  of  the  oxides  of  nitrogen  tests  indicate  that  the 
oxides  of  nitrogen  emissions  were  nearly  the  same  for  Pre  and  Post 
Long  Term  Tests.  The  Post  Long  Term  oxides  of  nitrogen  emissions 
at  low  load  were  11%  lower  than  the  Pre  Long  Term  and  at  high  load 
were  37«  lower.  The  lower  fuel  oil  nitrogen  content  (see  Table  4-7) 
during  the  Post  Long  Term  Tests  is  consistent  with  the  lower  emis¬ 
sions  . 

4.2.2  Pre  Long  Term  Emulsified  versus  Pre  Long  Term  Neat  Oil  Tests 

The  results  of  the  emission  tests  for  the  Pre  Long  Term  Emul¬ 
sified  and  Neat  Oil  Tests  are  included  in  Appendix  H  as  Tables  H-l 
and  2  and  H-5  and  6.  The  result  summaries  are  listed  in  Tables  4-7 
and  4-8  which  also  contain  the  fuel  oil  ash  content  expressed  as 
pounds  per  million  BTU's  of  fuel  oil  fired,  the  percentage  by 
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TABLE  4-7 


SUMMARY  OF  PRE  AND  POST  LONG  TERM  NEAT  OIL  TESTS, 
PARTICULATE  AND  NITROGEN  OXIDE  TEST  RESULTS 


Pre  Long  Term 

Neat  Oil  Tests 

Post  Long  Term 

Neat  Oil  Tests 

Low  Load 

High  Load 

Low  Load 

High  Load 

Load  Range 

31.4- 

VO 

• 

00 

1 

39.1- 

99.4- 

36.8 

97.8 

40.4 

110.9 

Average  Particulate 
Emissions,  lbs/106 

BTU 

0.0661 

0.121 

0.0361 

0.0532 

Average  Oxides  of 
Nitrogen  (as  N07), 
lbs/106  BTU  z 

0.172 

0.216 

0.153 

0.210 

Fuel  Oil  Ash  Content, 
lbs/106  BTU 

0.0168 

0.0168 

0.0016 

0.0016 

Fuel  Oil  Nitrogen 
Content,  %  by  Weight 

0.35 

0.35 

0.19 

0.19 

Excess  Air,  7L 

29.6 

20.4 

31.9 

20.4 

weight  of  nitrogen  in  the  fuel  and  the  percentage  of  flue  gas 
excess  air  during  each  test  series.  Comparison  of  both  high  and  low 
load  particulate  emissions  during  the  Pre  Neat  and  Pre  Emulsified 
Oil  Tests  shows  a  decrease  of  607o  during  the  low  load  emulsified 
oil  tests  and  a  decrease  of  757.  during  the  high  load  emulsified 
oil  tests.  As  explained  in  Section  4.2.1,  there  were  some  periods 
of  unstable  combustion  during  the  Pre  Long  Term  Neat  Oil  Tests.  The 
fuel  oil  ash  content  was  also  lower  for  the  Pre  Long  Term  Emulsi¬ 
fied  Oil  Tests.  However,  the  difference  in  ash  content  does  not 
equal  the  difference  in  particulate  emissions.  The  excess  air  levels 
during  the  high  load  emulsified  oil  test  was  higher  than  during  the 
high  load  neat  oil  test  which  would  indicate  that  excess  air  was 
not  trimmed  enough  during  the  emulsified  oil  tests.  This  could 
result  in  lower  particulate  emissions  during  the  Pre  Long  Term 
Emulsified  Oil  Tests. 

The  results  of  the  oxides  of  nitrogen  tests  indicate  that  the 
oxides  of  nitrogen  emissions  were  lower  for  the  Pre  Long  Term  Emul¬ 
sified  Oil  Tests.  The  Pre  Long  Term  Emulsified  Oil  low  load  and 
high  load  oxides  of  nitrogen  emissions  were  287.  and  147.  less  than 
the  similar  load  Pre  Long  Term  Neat  Oil  Tests.  The  lower  fuel  oil 
nitrogen  content  during  the  Pre  Long  Term  Emulsified  Oil  Tests  is 
consistent  with  the  lower  emissions. 

4.2.3  Pre  versus  Post  Long  Term  Emulsified  Oil  Tests 

The  results  of  the  emission  tests  for  the  Pre  and  Post  Long 
Term  Emulsified  Oil  Tests  are  contained  in  Appendix  H  (see  Tables 
H-5,  6,  7  and  8).  Summaries  of  the  emission  test  results  are  pre¬ 
sented  in  Table  4-8.  Table  4-8  also  has  the  fuel  oil  ash  content 
expressed  as  pounds  per  million  BTU's  of  fuel  fired,  the  percentage 
by  weight  of  nitrogen  in  the  fuel  and  the  percentage  of  flue  gas 
excess  air  during  each  test  series.  Comparisons  of  both  high  and 
low  load  particualte  emissions  show  an  increase  of  12370  and  967. 
during  the  Post  Long  Term  Emulsified  Oil  Tests.  Since  the  fuel  oil 
ash  content  was  nearly  the  same  for  the  Pre  and  Post  Long  Term 
Emulsified  Oil,  this  was  not  a  factor  in  the  difference  in  test 
results.  The  lower  percentage  of  excess  air  in  the  flue  gas  of  the 


TABLE  4-8 


SUMMARY  OF  PRE  AND  POST  LONG  TERM  EMULSIFIED  OIL  TESTS, 
PARTICULATE  AND  NITROGEN  OXIDE  TEST  RESULTS 


Pre  Long  Term 
Emulsified  Oil  Tests 

Post  Long  Term 
Emulsified  Oil  Tests 

Low  Load 

High  Load 

Low  Load 

High  Load 

Load  Range 

■PPM 

96.6- 

34.1- 

. . 

103.8 

34.7 

• 

Average  Particulate 
Emissions,  lbs/106 

BTU 

0.0262 

0.0297 

0.0513 

0.0664 

Average  Oxides  of 
Nitrogen  (as  N09), 
lbs/106  BTU 

0.124 

0.177 

0.105 

0.180 

Fuel  Oil  Ash  Content, 
lbs/106  BTU 

0.0072 

0.0072 

0.0073 

0.0073 

Fuel  Oil  Nitrogen 
Content,  70  by  Weight 

0.17 

0.17 

0.10 

0.10 

Excess  Air,  °L 

28.1 

23.5 

24.7 

19.6 

1 
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Post  Long  Term  Emulsified  Oil  Tests  indicates  that  the  boiler's 
air  level  was  trimmed  more  closely  to  stoichiometry  during  those 
tests.  This  would  account  for  the  higher  particulate  during  the 
post  tests. 

The  results  of  the  oxides  of  nitrogen  tests  indicate  that  the 
oxides  of  nitrogen  emissions  were  lower  for  the  low  load  and 
slightly  higher  for  the  high  load  Post  Long  Term  as  compared  to  the 
Pre  Long  Term  Emulsified  Oil  Tests.  The  Post  Long  Term  Emulsified 
Oil  oxide  of  nitrogen  emissions  for  the  high  and  low  load  tests 
were  27»  higher  and  157>  lower  respectively. 

The  lower  fuel  oil  nitrogen  content  and  lower  excess  air  levels 
for  the  Post  Long  Term  Emulsified  Oil  Tests  are  consistent  with 
the  lower  emissions  during  the  low  load  tests.  The  slightly  higher 
oxide  of  nitrogen  emissions  during  the  high  load  Post  Emulsified 
Oil  Tests  was  unexpected  and  unexplainable.  The  higher  fuel  oil 
nitrogen  content  and  higher  excess  air  level  during  the  comparable 
Pre  Long  Term  Tests  should  have  resulted  in  higher  oxide  emissions 
during  these  tests. 


Boiler  Tube  Wastage  and  Fouling  Results 


Boiler  tube  wastage  was  determined  quantitatively  from  analysis 
of  test  sections  or  windows  which  were  welded  into  boiler  tubes 
located  in  areas  where  maximum  erosion  and  corrosion  were  antici¬ 
pated.  Under  the  guidance  of  Bigelow  Boiler  Company,  the  boiler's 
manufacturer,  tube  bank  #1  was  selected  as  the  area  of  greatest 
erosion  potential  and  tube  bank  #14  was  selected  as  the  area  of 
greatest  corrosion  potential.  The  rationale  behind  the  selection 
of  tube  bank  #1  being  the  area  of  greatest  erosion  potential  is 
that  it  is  the  area  of  highest  gas  temperature  and  therefore, 
greatest  volumetric  flow  and  velocity.  The  test  windows  in  tube 
bank  #1  were  mounted  45  degrees  from  the  axis  of  normal  gas  flow 
and  were  facing  into  the  flow.  The  tubes  in  bank  #14  were  believed 
to  have  the  greatest  potential  of  showing  the  effects  of  corrosion 
because  the  flue  gas  temperature  is  minimum.  These  test  windows 
were  mounted  on  top  of  each  tube  facing  the  outlet  damper.  The  test 
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windows  were  installed  at  the  beginning  and  removed  at  the  end  of 
each  long  term  testing  period  (see  Table  1-1  for  installation/ 
removal  dates).  Metallographic  hardness,  thickness  and  visual 
analysis  as  well  as  chemical  analysis  of  the  test  windows  were  per¬ 
formed  on  the  test  windows.  Section  2.7.2  contains  the  complete 
details  of  the  test  window  locations  in  the  boiler  and  their  analy¬ 
ses  . 

Boiler  tube  fouling  was  examined  by  analysis  of  the  fireside 
deposits  on  the  tubes  in  the  vicinity  of  the  test  windows.  These 
samples  were  collected  after  each  long  term  test.  The  analyses  per¬ 
formed  were  semi-quantitative  spectrographic  analysis  for  metallic 
elements,  quantitative  analysis  for  carbon  and  sulfur,  pH  and 
qualitative  analysis  for  chloride,  sulfate  and  carbonate. 

4.3.1  Parent  Tube  Material  Characteristics 

Since  the  test  window  analysis  were  to  be  compared  with  samples 
of  the  parent  metal  to  determine  the  extent  of  any  corrosion  and/or 
erosion  during  the  Long  Term  Tests,  it  was  first  necessary  to 
characterize  the  parent  tube  material.  The  analysis  determined 
that  the  test  windows  had  been  cut  from  two  different  parent  materi¬ 
als.  Both  parent  materials  met  the  requirements  of  ASTM  A106  seam¬ 
less  carbon  steel  pipe  for  high  temperature  service  with  the  ex¬ 
ception  of  the  silicon  content,  which  was  low  in  both  materials. 

The  difference  in  the  parent  materials  was  identified  as  one  being 
Grade  A,  while  the  other  was  Grade  B.  The  Grade  A  material  thick¬ 
ness  was  0.117"  and  the  Grade  B  material  thickness  was  0.114".  The 
complete  report  on  the  characterization  of  the  parent  materials  is 
included  in  Appendix  I  and  is  dated  July  24,  1981. 

4.3.2  Long  Term  Neat  Oil  versus  Long  Term  Emulsified  Oil 

Visual  examination  of  the  test  windows  removed  after  the  long 
term  neat  oil  tests  showed  severe  melting  damage  and  thermal  dis¬ 
tress,  due  to  use  of  any  oxy-acetylene  cutting  torch  to  remove  the 
test  windows.  The  surfaces  of  the  windows  were  also  damaged  by 
grinding.  Unfortunately,  the  thermal  distress  destroyed  anything 


which  might  have  been  present  of  a  significant  metallographic 
nature  and  any  reduction  in  thickness  was  more  likely  due  to 
grinding  rather  than  corrosion  or  erosion.  Therefore,  no  informa¬ 
tion  whatsoever  could  be  obtained  from  the  test  windows  for  the 
long  term  neat  oil  tests.  Fortunately,  this  problem  did  not  im¬ 
pact  the  program  results  because  these  measurements  were  to  be  a 
baseline  for  comparison  of  wastage  during  the  emulsified  oil 
tests  and,  as  will  be  explained,  there  was  no  measurable  wastage 
of  the  emulsifier  fuel  tube  samples.  The  report  on  the  long  term 
neat  oil  test  windows  is  included  in  Appendix  I  and  is  dated 
July  24,  1981. 

Based  on  the  problems  encountered  with  the  test  windows  from 
the  long  term  neat  oil  tests,  an  alternative  method  of  test  window 
removal  was  developed.  The  procedure  included  corner-drilling 
and  sawing  out  of  the  test  pieces.  No  problems  were  encountered 
with  this  procedure  and  the  report  on  the  long  term  emulsified 
oil  test  windows  is  contained  in  Appendix  I  and  is  dated  May  3, 
1982 .  The  tube  windows  numbered  2 ,  3  and  4  were  removed  from  the 
second,  third  and  fourth  tube  row  from  the  access  door  in  the  #14 
tube  bank.  The  tube  windows  numbered  7,  8,  9,  10,  11  and  12  were 
removed  from  the  seventh,  eighth,  ninth,  etc.  tube  row  from  the 
right  furnace  wall  in  the  #1  tube  bank.  The  metallographic  analy¬ 
sis  of  the  samples  found  that  none  of  the  tube  window  specimens 
had  been  attacked  or  distressed  on  the  fireside.  Also,  no  evi¬ 
dence  of  significant  metallurgical  transformation  was  observed 
in  any  of  the  specimens.  Thus,  there  was  no  measurable  erosion 
or  corrosion  during  the  long  term  emulsified  oil  test  which  last¬ 
ed  nine  (9)  months  and  twenty-one  (21)  days  (June  30,  1981  through 
March  21,  1982).  The  emulsified  fuel  oil  burned  during  the  er'  re 
test  period  was  520,470  gallons  which,  based  on  six  (6)  percent 
water  by  weight  is  equivalent  to  491,600  gallons  of  neat  oil. 

Scrapings  of  the  fireside  deposits  in  the  vicinity  of  the 
test  windows  were  collected  upon  conclusion  of  the  long  term  neat 
oil  and  emulsified  oil  tests.  The  analysis  of  the  fireside 
deposits  are  contained  in  the  reports  dated  July  24,  1981  (long 


term  neat  oil  tests)  and  May  3,  1982  (long  term  emulsified  oil 
tests)  in  Appendix  I.  The  results  of  the  analysis  of  the  tube 
scrapings  are  summarized • in  Table  4-9.  The  following  observations 
are  relative  to  the  composition  of  the  scrapings: 

*  carbon  comprised  approximately  half  of  the  deposits  on  the 
tube  bank  by  the  uptake  for  both  the  neat  oil  and  emul¬ 
sified  oil  tests  which  indicates  some  incomplete  combustion 
during  each  test  series. 

*  carbon  content  of  the  furnace  generating  tubes  was  much  less 
during  the  emulsified  oil  tests  (17®)  than  the  neat  oil  tests 
(57o)  indicating  more  complete  combustion  during  the  emulsified 
oil  tests. 

*  sulfur  content  of  the  emulsified  oil  deposits  was  slightly 
greater  on  both  the  furnace  tubes  and  the  outlet  tubes  which 
is  consistent  with  the  higher  average  percentage  of  sulfur  in 
the  fuel  oil  during  the  emulsified  oil  tests  (0.687.  sulfur) 
than  during  the  neat  oil  tests  (0.427®  sulfur). 

*  the  fireside  deposits  from  the  emulsified  oil  tests  had  higher 
vanadium  content  than  from  the  neat  oil  tests.  This  was  con¬ 
sistent  with  the  higher  average  concentration  of  vanadium  in 
the  fuel  oil  (84  ppm  for  emulsified  oil  and  34  ppm  for  neat 
oil  tests ) . 

*  the  sodium  content  of  the  deposits  of  the  neat  oil  tests  was 
higher  than  the  emulsified  oil  tests.  This  was  not  consistent 
with  the  higher  average  concentration  of  53  ppm  sodium  for  the 
emulsified  oil  tests  versus  28  ppm  sodium  for  the  neat  oil 
tests.  It  is  believed  that  improved  atomization  during  the 
emulsified  oil  tests  resulted  in  a  finer  or  dryer  sodium  sul¬ 
fate  bearing  fly  ash  which  had  either  a  lower  deposition  rate 
or  was  more  effectively  removed  during  soot  blowing. 

*  the  aluminum,  nickel,  iron  and  molybdenum  content  of  the  fire¬ 
side  deposits  are  believed  to  reflect  their  concentrations  in 
the  fuel  oil.  The  fuel  oil  however  was  not  analyzed  for  these 
metals . 
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TABLE  4-9 


RESULTS  OF  ANALYSIS  OF  BOILER  TUBE  SCRAPINGS 
AFTER  LONG  TERM  NEAT  OIL  AND  EMULSIFIED  OIL  TESTS 


ELEMENT / COMPOUND 

AMOUNT  ON  GENERATING 
TUBE  BANK  NO.  1A 

AMOUNT  ON  GENERATING 
TUBE  BANK  NO.  14B 

NEAT  OIL 

EMULSIFIED  OIL 

NEAT  OIL 

EMULSIFIED  OIL 

Carbon 

5.45% 

1.01% 

50.66% 

46.36% 

Sulfur 

10.05% 

11.65% 

5.87% 

7 . 84% 

Vanadium 

5-15% 

>15% 

5-15% 

>15% 

Sodium 

>15% 

1-5% 

1-5% 

0.1-1% 

Sulfate 

>15% 

>15% 

5-15% 

>15% 

Aluminum 

1-5% 

1-5% 

5-15% 

1-5% 

Nickel 

1-5% 

5-15% 

5-15% 

5-15% 

Iron 

1-5% 

0 . 1-1% 

>15% 

1-5% 

Molybdenum 

1-5% 

0.1-1% 

<0 . 1% 

<0.1% 

Calcium 

S'? 

T—l 

1 

o 

1-5% 

1-5% 

5-15% 

A  -  Tube  bank  No.  1  is  located  in  furnace. 

B  -  Tube  bank  No.  14  is  located  by  the  uptake  damper 
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*  the  higher  calcium  content  of  the  deposits  of  the  emulsified 
oil  tests  was  believed  to  be  due  to  the  calcium  in  the  munici¬ 
pal  water  which  was  used  for  the  water-in-oil  emulsion.  The 
average  calcium  concentration  of  the  water  was  7.8  ppm. 

Heavy  slagging  occurred  during  the  long  term  emulsified  oil 
test  and  samples  were  collected  for  semi-quantitative  spectrographic 
analysis.  The  analysis  found  that  the  slag  contained  more  than  15% 
vanadium  and  5  to  15%  nickel.  It  is  believed  that  the  higher  slag¬ 
ging  rate  during  the  emulsified  oil  tests  than  during  the  neat  oil 
tests  was  due  to  the  higher  vanadium  content  of  the  fuel  oil.  The 
slagging  on  the  furnace  was  confined  to  the  refractory  walls  and 
floor  and  there  wasn't  any  evidence  of  slagging  on  the  water  wall 
or  generating  tubes. 

Along  with  the  scrapings  from  the  #1  and  #14  tube  banks,  a 
sample  of  the  surface  deposits  on  the  #6  tube  bank  (back  pass)  was 
collected  and  analyzed  to  look  at  the  variability  of  the  deposits 
in  the  flue  gas  path  through  the  boiler.  The  analysis  indicated  the 
following: 

*  carbon  content  of  the  deposits  increased  from  17.  in  the  #1 
tube  bank  (furnace)  to  167.  in  the  #6  tube  bank  (back  pass)  to 
46%  in  the  #14  tube  bank  (boiler  outlet). 

*  sulfur  content  of  the  deposits  increased  from  11.77.  in  the  #1 
tube  bank  to  14.6%  in  the  #6  r.ube  bank  then  decreased  to  8% 
in  the  #14  tube  bank. 

*  large  concentrations  (  >  157.)  of  vanadium  and  sulfate  were 
found  in  all  three  locations. 

*  moderate  concentrations  (5-15%)  of  nickel  were  found  in  all 
three  locations. 

*  the  concentration  of  calcium  in  the  deposits  increased  from 
small  (1-57.)  in  the  #1  and  #6  tube  banks  to  moderate  (5-157.) 
in  the  #14  tube  bank. 

The  above  variations  in  the  contents  of  the  deposits  are  be¬ 
lieved  to  be  due  to  the  different  operating  temperatures  occurring 
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at  the  various  locations  in  the  boiler  with  the  highest  temperature 
in  the  furnace  and  the  lowest  at  the  boiler  outlet. 

4.4  Long  Term  Test  Results 

The  purpose  of  the  long  term  tests  was  to  determine  any  dif¬ 
ferences  in  boiler  performance  degradation  and  the  wastage  over  an 
extended  period  for  emulsified  oil  compared  to  neat  oil.  The  two 
main  factors  which  were  believed  to  influence  the  amount  of  boiler 
fouling  and  tube  wastage  were  the  boiler  firing  rate  or  load  and 
the  duration  of  the  test.  Since  the  U.S.C.G.  Academy  boiler  primar¬ 
ily  provides  heating  service,  its  load  is  most  greatly  impacted  by 
the  outside  temperature.  The  long  term  tests  were  therefore  designed 
to  encompass  the  winter  months  (November  to  March)  of  one  heating 
season  per  fuel.  Table  4-10  presents  the  duration  of  the  tests  plus 
the  fuel  oil  fired  and  the  feed  water  supplied  to  the  boiler.  The 
data  in  Table  4-10  shows  that  there  were  similar  quantities  of  fuel 
oil  burned  and  feed  water  supplied  during  the  long  term  neat  oil 
and  emulsified  oil  tests.  The  difference  in  test  duration  is  a 
result  of  differences  in  steam  demand  during  the  winter  and  summer 
months . 


TABLE  4-10 

LONG  TERM  TEST  PERIODS  AND  DURATION, 

FUEL  OIL  USEAGE  &  FEED  WATER  SUPPLIED  TO  TEST  BOILER 


Test  Period 

Test  Duration 

Fuel  Oil  Used, 
Gallons 

Feed  Water 
Supplied,  Gallons 


Long  Term 
Neat  Oil  Test 

9/18/80  -  5/3/81 
8  months  &  14  days 
479,980 

6,879,730 


Long  Term  Emulsified 
Oil  Test _ 

6/30/81  -  3/21/82 
9  months  &  21  days 
520,470  (491,840A) 

7,017,730 


A  -  equivalent  gallons  of  neat  oil  based  on  5-1/2%  water  by  volume 
in  emulsion 

B  -  not  corrected  for  blowdown 
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Prior  to  each  long  term  test  the  boiler  was: 

*  cleaned  and  repaired 

*  inspected 

*  fitted  with  tube  material  test  windows 

*  tuned 

*  tested  to  determine  efficiency  and  flue  gas  emissions 

Upon  completion  of  each  long  term  test,  the  boiler  was: 

*  tested  to  determine  efficiency  and  flue  gas  emissions 

*  inspected 

*  relieved  of  tube  material  test  windows 

The  differences  in  performance  during  the  long  term  tests  are 
considered  to  be  qualitative  rather  than  quantitative  and  the  evalu¬ 
ation  consisted  of  the  boiler  inspection  reports  and  the  time  inter¬ 
val  necessary  between  soot  blowings. 

The  boiler  inspection  reports  for  before  and  after  the  long 
term  neat  and  emulsified  oil  test  periods  are  included  as  Appendix  J 

The  before  long  term  neat  oil  test  inspection  (August  20-21, 
1980  and  September  8,  1980)  indicated  that  the  fireside  was  in  good 
condition  with  floor  and  knee  wall  cracks  patched.  The  burner  throat 
tiles  were  true  and  in  good  condition.  Burner  registers  were  in 
good  condition  with  loose  register  tubes.  The  diffusers  were  light¬ 
ly  slagged  with  free  slots  and  the  burner  tips  were  new  for  the 
test.  The  water  wall  tubes  were  cleaned  to  bare  metal  with  a  light 
coating  of  brown  oxide,  due  to  steam  cleaning.  The  generating  tubes 
had  sintered  deposits  over  lower  257,  and  a  light  coating  of  soot 
and  liquid  carbon  destructor,  which  was  applied  to  aid  the  burn-off 
of  soot.  The  boiler  waterside  had  normal  physical  appearance  with 
localized  pitting  at  belt  line  of  steam  drum.  Steam  drum  was  free 
of  mineral  deposits  with  slight  oxidation  of  metal  (80%  bare  metal). 
Water  drum  and  water  wall  header  were  also  clean,  with  only  slight 
oxidation. 

The  after  long  term  neat  oil  test  boiler  inspection  (May  15, 


1981)  indicated  that  the  fireside  was  in  poor  condition  with  the 
knee  walls  in  need  of  replacement.  The  burner  throat  tiles  were 
true  and  in  fair  condition.  The  burner  registers  were  in  fair  to 
poor  condition  with  one  register  sticky  and  difficult  to  open.  The 
diffusers  were  slagged  with  slots  open  and  the  tips  were  in  fair 
condition  with  miscellaneous  scratches.  The  water  walls  in  the 
entire  furnace  had  one-sixteenth  inch  to  one-eighth  inch  (1/16"  to 
1/8")  thick  layer  of  brown  powdery  deposits  which  could  be  easily 
scraped  off.  The  left  water  wall  tubes  had  evidence  of  flame  impinge¬ 
ment,  as  did  the  floor  in  front  of  the  left  burner.  The  generating 
tubes  had  one-sixteenth  inch  to  one-eighth  inch  (1/16"  to  1/8") 
thick  layer  of  brown  powdery  deposits  in  the  furnace  and  one-eighth 
inch  to  one-fourth  inch  d/8"  to  1/4")  thick  layer  of  brown  powdery 
deposits  by  the  gas  damper.  The  steam  drum,  water  drum  and  water 
wall  header  had  thin  (approximately  1/64")  soft,  uniform  layer  of 
baked-on  sludge  which  could  be  easily  removed  to  bare  metal. 

The  before  long  term  emulsified  oil  test  inspection  (June  3, 

1981)  indicated  that  the  fireside  was  in  good  condition  with  the 
right  and  left  knee  walls  rebuilt  and  seal  caps  replaced.  The  burn¬ 
er  throat  tiles  were  trued  and  resurfaced.  The  burner  registers 
were  cleaned  and  fitted  with  new  operating  rings.  Register  #1  had 
new  shaft  and  arm.  Both  registers  operated  freely.  The  burners 
were  cleaned  and  brand  new  tips  and  plugs  were  available  for  the 
next  test  series.  The  water  wall  tubes  and  generating  tubes  were 
cleaned  to  bare  metal.  The  boiler  fireside  and  watersides  were 
clean  and  in  a  similar  condition  to  the  pre  long  term  neat  oil 
tests . 

The  post  long  term  emulsified  oil  test  inspection  (April  1, 

1982)  indicated  that  the  fireside  was  in  good  structural  condition 
except  that  the  refractory  transition  in  front  of  the  center  step 
in  the  floor  separated  one  and  one-half  inches  (V)  toward  the 
front  wall.  The  entire  floor  was  glazed  over  with  heavy  accumula¬ 
tions  of  slag  against  the  rear  wall.  The  surfaces  of  the  knee  walls 
were  completely  glazed  with  a  clinker  1'  x  6"  x  4"  thick  on  the 


left  knee  wall  and  a  clinker  IV  x  10"  x  2"  thick  on  the  right  knee 
wall.  The  rear  knee  wall  had  heavy  slagging.  The  lower  front  wall 
was  807o  glazed.  The  burner  throat  tiles  were  true  and  in  fair  to 
good  condition.  The  burner  registers  were  in  good  condition.  These 
registers  were  not  the  same  as  at  the  beginning  of  the  long  term 
emulsified  oil  tests  because  of  repeated  jamming  problems.  The 
original  registers  were  replaced  on  December  16,  1981  with  registers 
from  boiler  number  2.  The  burners  and  diffusers  were  in  fair  to  good 
condition  with  the  oil  tubes  lightly  coked.  The  tips  were  in  fair 
to  poor  condition  with  numerous  scratches.  The  water  wall  tubes 
had  25%  covering  of  hard  scale  which  was  removable  by  wire  brush¬ 
ing.  The  generating  tubes  had  greyish-black  easily  removable  sur¬ 
face  deposits  of  approximately  one-sixteenth  inch  to  one-eighth 
inch  (1/16"  to  1/8")  in  thickness.  The  surface  deposits  by  the  gas 
damper  were  approximately  one-sixteenth  inch  (1/16")  thick.  The 
condition  of  the  boiler's  waterside  was  good  with  no  chemical 
cleaning  required.  A  thin  film  of  whitish-grey-brown  deposits  could 
be  seen  on  the  tube  surfaces.  This  film  was  easily  removable  by 
pressure  hose  washing. 

The  boiler  inspections  showed  that  the  boiler  was  essentially 
in  the  same  physical  condition  and  state  of  cleanliness  at  the  be¬ 
ginning  of  each  long  term  test.  The  boiler  cleanliness  at  the  end 
of  the  long  term  emulsified  oil  test  was  found  to  be  slightly 
cleaner  than  at  the  end  of  the  long  term  neat  oil  test. 

An  additional  method  of  evaluation  of  the  emulsifier  was  based 
on  the  belief  that  if  the  emulsifier  enhanced  atomization  and 
therefore  improved  the  combustion  efficiency,  it  should  be  possible 
to  increase  the  time  interval  between  soot  blowing.  Discussions 
with  the  test  boiler's  manufacturer  identified  a  25°F  increase  in 
flue  gas  temperature  over  the  clean  boiler  temperature  as  a  reason¬ 
able  criteria  on  which  to  base  the  need  for  soot  blowing.  Therefore, 
graphs  were  drawn  of  the  flue  gas  temperature  versus  boiler  load 
from  the  data  collected  during  the  pre  long  term  neat  and  emulsi¬ 
fied  oil  tests.  Using  the  rise  in  stack  temperature  as  a  gauge  for 


judging  when  soot  blowing  is  necessary  is  complicated  because  flue 
gas  temperature  is  also  dependent  upon  three  variables  other  than 
reduced  heat  transfer.  These  three  variables  are:  boiler  load, 
excess  air  and  operating  equilibrium  (for  example,  when  a  boiler 
is  operating  at  high  load  and  then  the  load  drops  off,  the  flue  gas 
temperature  will  be  higher  than  normal  until  the  system  returns  to 
equilibrium).  The  U.S.C.G.  watchstanders  were  instrumental  in  insti¬ 
tuting  a  practical  approach  to  the  problem.  First,  it  was  decided 
to  determine  if  soot  blowing  was  needed  each  day  during  the  mid¬ 
night  to  zero-eight-hundred  watch  in  January  and  February.  This 
was  believed  to  be  the  period  during  which  the  boiler  load  is  most 
constant.  The  stack  temperature  and  load  were  noted  and  compared 
with  the  graph  values  to  determine  if  soot  blowing  is  required.  If 
required,  a  special  print-out  on  the  data  logger  was  made  prior  to, 
and  after,  the  completion  of  soot  blowing.  This  data  was  analyzed 
based  on  the  flue  gas  temperature  drop  after  soot  blowing  and  care 
was  taken  to  use  only  data  in  which  the  excess  air  levels  were 
similar  before  and  after  the  soot  blowing.  It  was  not  always  pos¬ 
sible  to  have  similar  loads  before  and  after  soot  blowing  and  where 
necessary,  the  data  was  corrected  using  the  temperature  difference 
for  the  different  loads  based  on  the  pre  long  term  test  data.  The 
data  is  presented  in  Figure  4-7  and  the  curves  represent  power 
curve  fits  of  the  data.  From  Figure  4-7  it  is  shown  that  the 
sequence  between  soot  blowing  can  be  longer  (seven  (7)  days  versus 
five  (5)  days)  for  the  emulsified  fired  fuel.  This  is  as  expected, 
based  on  the  lower  particulate  emissions  for  the  emulsified  oil 
tests . 

A  benefit  that  was  derived  from  the  soot  blowing  tests  was 
that  the  test  boiler  routinely  had  soot  blown  twice  per  day.  This 
amount  of  soot  blowing  was  determined  to  be  unnecessary  and  the 
interval  between  soot  blowing  was  increased  to  every  three  (3)  to 
five  (5)  days  for  the  neat  oil  tests.  This  also  points  out  the 
value  of  boiler  instrumentation  which  allows  variables  to  be  sorted 
out  and  changes  made  to  allow  more  economical  operation.  A  calcu¬ 
lation  based  on  design  data  on  the  Copes-Vulcan  soot  blowers  and 
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Figure  4-7 

Temperature  ae  a  Function  of  Days  After  Soot  Blowing 
for  Long  Term  Neat  and  Emulelfled  Oil  Teats 


DAYS  SINCE  PREVIOUS  SOOT  BLOW 


the  U.S.C.G.  soot  blowing  procedure  indicates  that  approximately 
400  pounds  steam  is  used  for  each  complete  soot  blow.  This  equates 
to  about  three  and  one-half  (3^)  gallons  of  fuel  oil  expended  per 
soot  blow. 

4.3  Discussion  of  Results 
4.5.1  Efficiency  Tests 

During  the  closely  controlled  pre  and  post  long  term  and  base¬ 
line  efficiency  tests,  an  attempt  was  made  to  control  and  monitor 
all  variables  which  could  influence  the  test.  Upon  analysis  of  the 
pre  long  term  emulsified  oil  test  results,  it  was  noted  that  the 
efficiency  was  slightly  less  for  these  tests  than  the  averaged 
baseline  neat  oil  tests.  It  was  also  noted  that  the  particulate 
emissions  for  the  pre  long  term  emulsified  oil  tests  was  much  less 
than  for  either  the  pre  or  post  long  term  neat  oil  tests.  Excess 
air  is  one  variable  that  affects  both  the  efficiency  and  emissions, 
and  this  type  of  result  indicates  that  the  excess  air  could  have 
been  further  trimmed  during  the  pre  long  term  emulsified  oil  tests. 
The  closer  the  boiler  is  run  to  stoichiometric,  low  excess  air,  the 
better  will  be  its  efficiency  because  the  losses  of  heat  out  the 
stack  will  be  minimized.  Boilers  are  routinely  tuned  for  maximum 
efficiency  by  trimming  back  on  the  excess  air  until  a  point  is 
reached  at  which  excess  air  cannot  be  further  lowered  without  incom 
plete  combustion  and  the  resulting  smoking  of  the  boiler.  This 
point  is  a  fairly  fine  point.  During  the  conduct  of  all  tests,  the 
opacity  of  the  boiler  was  observed  and  the  excess  air  trimmed  to 
obtain  approximately  twenty  percent  ( 20%)  before  a  test  was  begun. 
The  flame  condition  in  the  furnace  was  also  observed  to  assure  that 
it  indicated  low  excess  air  (no  sparklers  and  a  hazy  orange  appear¬ 
ance)  and  that  there  were  no  signs  of  flame  impingement.  During  the 
pre  long  term  emulsified  oil  test  this  procedure  was  followed,  how¬ 
ever,  certain  characteristics  of  the  emulsifier,  the  fuel  system 
and  the  boiler  operation  resulted  in  the  requirement  for  a  decision 
as  to  what  level  the  air  should  be  trimmed  in  the  boiler.  It  was 
noted  while  trimming  the  excess  air  that  the  opacity  would  change 


coincident  with  the  making  of  an  emulsion  by  the  emulsifier.  Closer 
inspection  into  the  phenomenon  revealed  that  the  fuel  oil  pump  dis¬ 
charge  pressure  increased  slightly  when  the  emulsion  was  being 
made.  Since  the  boiler's  fuel  oil  system  was  set-up  with  a  constant 
opening  of  the  fuel  oil  regulating  valve  to  assure  a  constant  load, 
every  time  the  pressure  increased,  the  fuel  oil  supply  was  increased 
slightly  and  if  the  boiler  air  had  been  trimmed  too  closely,  the 
boiler  would  smoke.  Therefore,  when  the  boiler  was  set-up  prior  to 
each  pre  long  term  emulsified  oil  test,  the  air  was  trimmed  to  a 
point  at  which  the  boiler  would  not  smoke  excessively  when  making 
an  emulsion.  Consequently,  when  the  emulsifier  was  not  making  an 
emulsion,  it  was  not  trimmed  to  its  minimum  excess  air  level  with 
a  resulting  loss  in  efficiency.  During  the  post  long  term  emulsi¬ 
fied  oil  test,  the  above  pressure  fluctuation  problem  had  been 
identified  and  the  air  was  trimmed  further  than  during  the  pre  long 
term  test.  The  higher  efficiency  at  boiler  loads  less  than  457«  for 
the  post  long  term  emulsified  oil  tests  correlate  with  the  lower 
excess  air  levels  during  these  tests.  The  emissions  during  the 
post  long  term  test  were  also  more  in  agreement  with  those  of  the 
post  long  term  neat  oil  tests. 

It  must  be  kept  in  mind  when  evaluating  the  efficiency  results 
that  the  purpose  of  the  emulsifier  is  to  increase  combustion  effici¬ 
ency  by  improving  atomization  of  the  oil  droplets.  Since  atomization 
in  the  test  boiler  was  adequate,  as  evidenced  by  the  ability  to 
reduce  excess  air  to  near  design  levels,  there  was  little  potential 
for  improvement  to  be  made.  In  addition,  when  water  is  admitted  to 
the  boiler,  it  represents  a  heat  loss  out  of  the  boiler  due  to  the 
water  vapor  exhausting  from  the  boiler  at  the  flue  gas  temperature. 
Therefore,  any  improvements  in  efficiency  of  the  boiler  for  the 
emulsified  oil  tests  had  to  be  in  excess  of  the  0.47»  heat  loss  due 
to  the  6%  water  content  in  the  oil. 

4.5.2  Emission  Tests 

The  discussion  in  the  previous  section  (4.5.1)  is  applicable 
to  the  emission  test  results  and  the  relationship  of  excess  air, 
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efficiency  and  emissions  should  be  considered  when  evaluating  the 
emission  results. 

Graphical  comparisons  of  the  particulate  and  nitrogen  oxide 
emissions  are  presented  in  Figures  4-8  and  4-9.  For  comparison  pur¬ 
poses,  the  highest  emission  level  is  labeled  1007®  and  all  other 
levels  are  compared  to  the  highest  level.  This  is  somewhat  mis¬ 
leading  in  the  case  of  the  particulate  results  because  the  highest 

level  during  the  Pre  Long  Term  Neat  Oil  Tests  was  believed  to  be  a 
result  of  an  instability  caused  by  using  the  Hagan  Automatic  Com¬ 
bustion  Control  System  during  those  tests.  The  Hagan  system  responds 
to  changes  in  boiler  drum  pressure  and  either  increases  or  de¬ 
creases  the  combustion  air  flow  in  response  to  changes  in  load.  The 

fuel  flow  then  follows  the  air  flow  until  the  fuel  and  air  flow 

are  adequate  for  the  boiler  load  and  the  steam  pressure  is  constant. 
Smoking  can  occur  however  when  the  boiler  load  decreases  and  the 
drum  pressure  increases,  causing  the  Hagan  system  to  cut  back  the 
boiler  combustion  air  flow  rate.  Depending  upon  the  magnitude  of 
change  in  the  air  flow  and  the  cushion  of  air  flow  above  that  re¬ 
quired,  the  boiler  smokes  until  the  decrease  in  air  flow  is  sensed 
and  the  fuel  flow  is  reduced.  The  boiler  Hagan  system  was  set  on 
automatic  during  the  Pre  Long  Term  Neat  Oil  Tests  and  the  boiler 
load  was  manually  controlled  with  the  dump  valve  to  maintain  a  con¬ 
stant  signal  from  the  Hagan  system  to  the  combustion  air  dump. 

Since  part  of  the  boiler  load  was  being  utilized  by  the  Academy 
services  and  part  was  being  dumped,  changes  in  the  Academy  load 
resulted  in  changes  to  the  boiler  load.  Although  these  changes  were 
compensated  for,  the  high  particulate  emissions  were  the  result  of 
insufficient  air  during  some  of  the  load  swings.  The  boiler  combus¬ 
tion  control  system  was  set  on  manual  for  all  pre  and  post  long 
term  tests  except  the  Pre  Long  Term  Neat  Oil  Tests.  In  those  tests, 
with  the  combustion  control  on  manual,  the  dump  valve  was  opened 
and  shut  to  maintain  the  boiler  drum  pressure. 
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Figure  4-8 

Comparison  of  Particulate  Emissions 
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BOILER  LOAD,  %  OF  MAXIMUM  LOAD  (28,500  LBS/HR) 
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5.0  ECONOMIC  ANALYSIS 


5.1  Introduction 

The  purpose  of  the  economic  analysis  is  to  determine  if  there 
are  sufficient  savings  in  the  operating  costs  of  the  test  boiler 
to  justify  the  purchase  and  operation  of  a  low  energy  emulsifier. 
The  analysis  is  based  on  test  boiler  loads  for  a  typical  heating 
season  at  the  U.S.C.G.  Academy.  The  analysis  considers  the  savings 
due  to  differences  in  fuel  consumptions,  longer  intervals  between 
soot  blowing  and  the  emulsifiers  operating  and  maintenance  expense 

5.2  Analysis  Methodology 

The  following  approach  was  used  in  the  economic  analysis: 

1.  The  average  boiler  load  was  calculated  for  each  month  from 
October  through  March  for  both  the  long  term  tests. 

2.  The  average  fuel  oil  heat  content  was  calculated  from  the 
fuel  analysis  for  the  long  term  neat  oil  tests. 

3.  The  average  heat  absorbed  by  the  feed  water  was  calculated 
from  all  the  pre  and  post  long  term  efficiency  test  data. 

4.  A  linear  change  of  boiler  performance  was  assumed  from  each 
pre  long  term  to  each  post  long  term  efficiency  test  and 
this  change  was  used  to  calculate  an  adjusted  boiler  effic¬ 
iency  for  neat  oil  and  emulsified  oil  firing  for  each  month. 

5.  The  adjusted  boiler  efficiency,  boiler  load,  fuel  oil  heat 
content  and  the  heat  absorbed  by  the  feed  water  was  used  to 
calculate  the  fuel  oil  consumed  for  each  month  from  October 
through  March  for  neat  and  emulsified  oil. 

6.  The  fuel  oil  consumed  for  each  month  was  summed  to  determine 
the  total  fuel  oil  for  the  neat  and  emulsified  oil  firing. 

The  difference  in  gallons  was  then  multiplied  by  the  cost 
per  gallon  of  the  fuel  oil  to  determine  the  total  difference 
in  cost  between  the  boiler  burning  neat  oil  and  burning  emul¬ 
sified  oil. 


7. 


The  total  heating  season  fuel  cost  was  less  for  emulsified 
fuel  than  for  neat  oil,  the  difference  being  greater  than 
the  heating  season  operating  cost  for  the  emulsifier  (see 
Section  3.7/.  Therefore,  the  emulsifier  operating  cost  was 
subtracted  from  the  difference  in  fuel  cost. 

8.  Finally,  the  frequencies  of  soot  blowing  of  five  (5)  days 
(neat  oil)  and  seven  (7)  day  (emulsified  oil)  were  used  to 
calculate  the  difference  in  cost  due  to  reduced  soot  blowing 
during  the  emulsified  oil  tests.  The  total  savings  was  calcu¬ 
lated  for  the  heating  season  and  added  to  the  difference  in 
fuel  cost. 

5.3  Economic  Analysis  Results 

Based  on  the  information  in  Table  5-1,  the  sum  of  the  esti¬ 
mated  difference  in  oil  useage  over  the  heating  season  amounts  to 
1,526  gallons  saved  by  using  the  emulsifier.  The  U.S.C.G.  Academy 
cost  per  gallon  of  oil  during  May  1982  was  $0.91. 

TABLE  5-1 

SUMMARY  OF  EXPECTED  HEATING  SEASON  DATA  FOR  COST  ANALYSIS 


Month 

Average 

TL  Load 

Neat  Oil 

Blr  Eff.,7. 

Enul s .  Oil 
Blr.  Eff.,% 

Est.  Difference 
in  Oil  Useage, 
Emul.-Neat  Oil, 
Gal/Month 

October 

25 

80.1 

78.2 

1203 

November 

38 

79.1 

78.6 

432 

December 

46 

78.6 

78.8 

-248 

January 

56 

77.9 

78.2 

-420 

February 

45 

78.2 

78.7 

-482 

March 

41 

78.3 

79.1 

-796 

April 

29 

79.1 

80.9 

-1215 

Thus,  the  cost  savings  due  to  fuel  oil  saved  would  be  $1,389 
per  heating  season.  This,  however,  was  adjusted  to  account  for  the 
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operating  cost  of  the  emulsifier  (Section  3.7)  which  amounted  to 
$1,068  for  the  heating  season.  The  savings  associated  with  reduced 
soot  blowing  were  $38.00.  Therefore,  the  total  savings  per  heating 
season  is  $339. 

When  interpreting  these  results,  it  must  be  remembered  that 
the  analysis  uses  the  efficiencies  as  measured  in  the  pre  and  post 
long  term  efficiency  tests  which  were  adjusted  to  account  for 
deterioration.  It  would  have  been  preferable  to  use  the  data  dur¬ 
ing  the  long  term  tests  as  a  basis  for  the  analysis.  However,  the 
pounds  steam  generated  per  million  BTU's  fired  was  sometimes 
greater  and  sometimes  less  during  the  emulsified  oil  tests  as  com¬ 
pared  to  the  neat  oil  tests.  The  boiler  loads,  frequency  and 
magnitude  of  load  changes,  the  combustion  control  system  and  the 
diligence  of  the  operator  all  account  for  the  variability  seen. 
Therefore,  an  idealized  case  is  presented  and  should  only  be  con¬ 
sidered  as  a  guide.  It  is  believed  that  these  sort  of  results 
would  occur  at  the  U.S.C.G.  Academy  with  modern  combustion  control 
systems  in  which  excess  air  is  minimized  during  all  operations. 

The  difference  in  the  fuel  oil  useage  was  also  determined  for 
the  April  load  using  the  efficiencies  from  the  preliminary  neat 
oil  test  and  the  post  long  term  neat  oil  test.  Since  the  boiler 
cleanliness  was  similar  for  the  test  point,  the  comparison  gave 
an  indication  of  the  amount  that  the  boUer  was  out  of  tune.  Based 
on  the  $0. 91/gallon  cost  for  fuel  oil.  ‘.‘.e  estimated  operating 
cost  differential  for  the  month  was  calculated  to  be  $1,470.  This 
indicates  the  value  of  boiler  tuning.  The  main  benefit  of  the 
tuning  was  derived  from  the  burner  manufacturer  service  engineer 
who  checked  the  burner's  condition  and  orientation.  It  was  learned 
at  this  time  that  dimensional  information  in  the  burner  manufac¬ 
turer's  instruction  manual  for  the  test  boiler  was  incorrect.  By 
setting  up  the  burner  in  accordance  with  the  service  engineers 
specifications,  it  was  possible  to  greatly  reduce  the  boiler's 
excess  air  level  which  resulted  in  a  lower  stack  temperature,  and 
thus,  a  higher  boiler  efficiency. 

To  determine  the  difference  due  to  cleaning  and  tuning,  the 


efficiencies  from  the  preliminary  and  pre  long  term  neat  oil  tests 
were  used  to  calculate  the  estimated  fuel  oil  consumption  for  the 
month  of  October.  Based  on  the  $0. 91/gallon  fuel  cost,  the  operat¬ 
ing  cost  differential  for  the  month  was  calculated  to  be  $2,450. 
Attributing  this  amount  to  cleaning  and  tuning,  and  considering 
that  $1,470  could  be  attributed  to  tuning  alone,  the  cleaning 
accounts  for  an  estimated  $980  decrease  in  operating  expense  for 
the  month  of  October  using  the  criteria  presented  earlier  in  this 
section.  The  cost  of  cleaning  the  firesides  and  tuning  was  approxi¬ 
mately  $2,000  and  could  be  justified  by  the  estimated  savings  in 
October  alone.  Application  of  this  finding  to  other  boilers  is  not 
advised  because  it  depended  upon  the  test  boiler’s  state  of  cleanli¬ 
ness  and  tuning.  However,  it  is  not  believed  that  the  condition  of 
the  test  boiler  before  cleaning  and  tuning  was  atypical  of  indus¬ 
trial  boilers.  The  above  analysis  points  out  the  necessity  of 
having  and  maintaining  sufficient  calibrated  instrumentation  to 
allow  for  determination  of  the  extent  of  efficiency  loss  and  there¬ 
fore,  the  increase  in  operating  expense  at  any  particular  point 
in  time. 


6.0  CONCLUSIONS  AND  RECOMMENDATIONS 


This  section  presents  a  summary  of  conclusions  and  recommenda 
tions  developed  from  the  foregoing  detailed  test  results  and 
economic  analysis.  As  discussed  in  Section  1.0,  these  results  and 
conclusions  are  directly  applicable  to  the  test  boiler  at  the 
U.S.  Coast  Guard  Academy.  While  they  may  be  relevant  to  similar 
boiler  installations  using  comparable  fuels  they  should  not  be 
considered  applicable  to  all  boilers. 


6.1  Efficiency  Improvements/Penalties 


6.1.1  Cleaning  and  Tuning 


The  following  conclusions  are  evident  relative  to  boiler 
cleaning  and  tuning: 


Comparison  of  preliminary  and  averaged  baseline  neat  oil 
efficiency  test  results  (see  Table  4-3)  shows  that  cleaning 
and  tuning  increased  boiler  efficiency  a  maximum  of  2.97, 
(76.9%  to  79.87.)  at  the  307o  boiler  load.  The  efficiency  was 
increased  over  the  entire  load  range  and  with  the  minimum 
increase  of  0.6%  (77.2%  to  77.8%)  at  the  70%  boiler  load. 


A  comparison  of  preliminary  and  post  long  term  neat  oil  test 
data  was  used  as  an  indication  of  the  benefit  of  tuning  be¬ 
cause  the  boiler  was  believed  to  be  in  approximately  the 
same  state  of  cleanliness  at  the  time  of  each  of  these  tests. 
This  comparison  shows  that  607»  of  the  recovered  efficiency 
was  due  to  tuning  and  407„  was  the  result  of  cleaning. 

Acid  cleaning  of  the  boiler's  waterside  was  not  necessary 
over  the  test  period.  The  soft  surface  deposit  was  easily 
removed  by  a  pressured  water  stream.  This  indicates  that  the 
boiler  chemicals  were  keeping  any  deposits  from  forming  hard 
scale  on  the  tube  surfaces  which  could  lead  to  overheating 
and  failure.  It  therefore  appears  that  annual  waterside  clean 
ing  using  high  pressure  water  should  be  adequate  to  maintain 
waterside  cleanliness  for  many  years,  provided  the  boilers 


chemical  water  testing  and  treatment  are  performed  religiously. 

6.1.2  Emulsified  Oil  versus  Neat  Oil  Firing 

The  differences  in  efficiencies  at  the  beginning  and  end  of 
the  long  term  neat  oil  and  emulsified  oil  tests  was  only  slight 
and  therefore,  on  a  basis  of  efficiency  alone,  there  appears  to  be 
only  a  slight  benefit  to  be  gained  by  firing  an  emulsion.  That 
only  a  slight  benefit  was  seen  is  not  surprising,  in  that  the  neat 
oil-fired  tuned  boiler  excess  air  level  was  able  to  be  reduced  to 
the  point  where  the  furnace  was  noted  as  being  filled  with  a  dark 
orange  flame  having  a  lazy,  rolling  appearance  indicating  minimal 
excess  air.  The  lack  of  a  larger  increase  in  efficiency  improvement 
using  an  emulsion  is  therefore  believed  to  be  due  to  the  steam 
atomized  burners  ability  to  fire  close  to  the  designed  air  level 
without  excessive  smoking.  Therefore,  although  it  was  possible  to 
trim  the  excess  air  a  little  further  while  firing  an  emulsion,  the 
amount  of  efficiency  gain  through  reduced  excess  air  and  stack 
temperature  stack  losses  just  barely  offset  the  efficiency  loss 
through  increased  stack  losses  from  the  latent  heat  in  the  water 
introduced  by  the  emulsifier  being  lost  out  of  the  stack.  The  loss 
in  boiler  efficiency  associated  with  the  water  in  the  fuel  oil 
amounts  to  approximately  0.47.  based  on  burning  a  67.  by  weight 
water  in  oil  emulsion.  The  efficiency  gain  due  to  the  reduction  in 
unburned  carbon  leaving  the  boiler  as  particulate  during  the 
emulsified  oil  tests  must  also  be  considered.  However,  when  the 
loss  is  calculated  it  is  only  a  maximum  of  0.17.  for  the  worst  case 
during  the  neat  oil  tests,  and  therefore,  not  a  significant  gain 
in  efficiency. 

Thus,  the  small  gain  in  efficiency  measured  during  the  emul¬ 
sified  oil  tests  is  consistent  with  the  other  observed  data  and 
supported  by  the  fireside  condition  of  the  boiler  at  the  end  of 
the  emulsified  oil  test.  It  is  therefore  concluded  that  the  com¬ 
bustion  efficiency  of  the  steam  atomized  burner  was  nearly  1007.  on 
neat  oil  at  the  near  design  excess  air  level  and  that  improvement 
in  atomization  due  to  the  firing  of  an  emulsion  could  not  produce 


substantial  gains  in  efficiency  because  there  was  a  minimum  poten¬ 
tial  for  improvement. 

6.2  Particulate  and  Nitrogen  Oxide  Emissions,  Neat  versus  Emulsified 

Oil 

6.2.1  Particulate  Emissions 

The  results  show  that  the  particulate  emission  rates  were 
less  for  the  boiler  while  firing  emulsions  than  while  firing  neat 
oil.  Also,  that  the  emission  rate  was  higher  for  the  high  load 
tests  than  the  low  load  tests.  The  higher  emissions  during  the 
high  load  tests  are  believed  to  be  due  to  the  flame  hitting  the 
furnace  walls  during  these  tests,  as  indicated  by  the  evidence  of 
flame  impingement  during  the  boiler  inspections.  As  stated  pre¬ 
viously,  the  pre  long  term  neat  oil  tests  were  run  with  the  com¬ 
bustion  control  on  automatic  and  thus  caused  some  instability 
which  resulted  in  the  higher  emission  rates  during  these  tests. 

The  inverse  relationship  between  excess  air  and  particulate 
emissions  was  consistent  when  examining  the  data  other  than  the 
pre  long  term  neat  oil  tests.  The  particulate  emissions  for  these 
other  tests  are  greater  in  all  cases  when  the  excess  air  was  lower. 

It  therefore  is  not  believed  that  any  increase  in  emissions  re¬ 
sulted  over  the  duration  of  either  long  term  test  and  that  compari¬ 
son  should  be  made  with  the  post  long  term  neat  oil  test  emissions 
to  determine  the  differences  between  neat  oil  and  emulsified  oil 
firing.  On  this  basis,  the  high  and  low  load  pre  long  term  emulsi¬ 
fied  oil  tests  were  577o  and  7 3%  of  the  post  long  term  neat  oil 
tests.  The  high  and  low  load  post  long  term  emulsified  oil  tests 
were  1257,  and  827,  of  the  post  long  term  neat  oil  tests.  These  re¬ 
sults  indicate  that  more  complete  combustion  at  low  loads  is 
possible  with  emulsified  oil  firing  in  that  the  particulate  emis¬ 
sions  were  lower  for  the  low  load  pre  and  post  long  term  emulsified 
oil  tests  even  though  the  excess  air  levels  were  lower. 

6.2.2  Nitrogen  Oxide  Emissions 

The  test  results  indicate  that  in  all  cases  the  nitrogen  oxides 


6-3 


emission  rate  was  less  for  emulsified  oil  than  for  the  neat  oil 
tests.  These  results,  however,  are  believed  to  be  primarily  depen¬ 
dent  upon  the  fuel  oil  nitrogen  content.  Table  6-1  sumarizes  the 
entire  nitrogen  oxide  emission  results  plus  the  excess  air  levels 
during  the  tests. 


TABLE  6-1 

SUMMARY  OF  NITROGEN  OXIDE  EMISSION  RESULTS 


LONG  TERM  NEAT  OIL  TESTS 

LONG 

TERM  EMULSIFIED  OIL 

PRE  TEST 

POST 

TEST 

PRE 

TEST 

POST  TEST 

HIGH 

LOAD 

LOW 

LOAD 

HIGH 

LOAD 

HIGH 

LOAD 

LOW 

LOAD 

HIGH 

LOAD 

Average  Oxides 
of  Nitrogen 
(as  NOo ) , 
lbs/106  BTU 

0.172 

0.216 

0.153 

0.210 

0.124 

0.177 

0.105 

0.180 

Fuel  Oil  Nitro¬ 
gen  Content , 

%  by  Weight 

0.35 

0.35 

0.19 

0.19 

0.17 

0.17 

0.10 

0.10 

Flue  Gas  Excess 
Air,  % 

29.6 

20.4 

31.9 

20.4 

28.1 

23.5 

24.7 

19.6 

The  results  also  show  that  the  nitrogen  oxide  emission  rates 
were  higher  for  the  high  load  tests  than  the  low  load  tests.  This 
is  believed  to  be  due  to  the  higher  flame  and  furnace  temperature 
at  the  high  load  tests,  resulting  in  a  higher  yield  for  the  re¬ 
action  of  nitrogen  in  the  combustion  air  with  the  oxygen  in  the 
combustion  air. 

6.3  Tube  Fouling 

Less  fouling  occurred  during  the  long  term  emulsified  than 
the  long  term  neat  oil  tests  based  on  the  higher  efficiencies  at 
the  conclusion  of  the  long  term  emulsified  oil  tests  (see  Figure 


4-6).  The  lower  fouling  rate  for  the  emulsified  oil  tests  is 


supported  by  the  analysis  of  the  scrapings  from  the  generating 
tubes  in  which  a  much  lower  (1%  emulsified  oil  versus  5%  neat  oil) 
carbon  content  was  found.  That  difference  in  tube  fouling  was 
small  and  is  supported  by  the  boiler  fireside  inspections  which 
found  only  slight  difference  in  the  tube  surfaces  for  the  end  of 
neat  and  emulsified  oil  tests. 

6.4  Tube  Erosion/Corrosion 

There  was  no  measurable  erosion  or  corrosion  of  the  boiler  tube 
surfaces  due  to  firing  an  emulsified  oil  for  a  period  of  nine  (9) 
months  and  twenty-one  (21)  days  during  which  520,470  gallons  of 
emulsified  fuel  oil  were  burned.  Although  there  was  no  data  from 
the  neat  oil  tests  with  which  to  compare  the  tube  erosion/corrosion 
rates,  it  is  believed  that  there  would  not  have  been  any  measurable 
tube  deterioration  because  of  the  normal  longevity  of  the  boiler 
tubes  which  normally  do  not  fail  due  to  erosion  or  corrosion. 

6.5  Soot  Blowing  Requirements 

The  data  indicates  that  the  soot  blowing  interval  could  be  in¬ 
creased  from  five  (5)  to  seven  (7)  days  when  burning  an  emulsion. 
This  is  believed  to  be  due  to  the  more  complete  combustion  from 
better  atomization  of  the  emulsified  oil. 

6.6  Economic  Analysis 

Based  upon  the  net  savings  per  heating  season  of  $359  for 
burning  an  emulsion  (see  Section  5.3),  the  purchase  price  of  the 
emulsifier  of  $12,650  is  not  considered  economically  attractive 
on  the  basis  of  a  simple  payback  period  of  approximately  35  years. 

Further,  it  appears  that  no  economic  benefit  would  be  derived 
as  a  function  of  extended  fireside  cleaning  interval  due  to  emul¬ 
sion  firing  as  boiler  cleanliness  in  each  case  was  almost  compar¬ 
able  on  the  basis  of  the  limited  test  periods. 

6.7  Alternative  Boiler  Modifications  at  U.S.C.G.  Academy 


Three  methods  of  improving  boiler  and  power  plant  operating 
efficiency  as  alternatives  to  water-in-oil  emulsion  firing  appear  to 


be  potentially  advantageous  and  are  therefore  presented  here.  These 
alternative  methods  are  based  on  observations  and  data  collected 
throughout  the  entire  test  program.  The  three  approaches  are  identi¬ 
fied  as:  the  replacement  of  the  existing  burners  and  combustion  con¬ 
trol  with  a  system  allowing  firing  at  low  excess  air  levels;  the 
addition  of  economizers  to  the  existing  boilers;  and  the  addition 
to,  or  replacement  of,  one  of  the  existing  boilers  with  a  lower 
capacity  packaged  boiler.  Each  of  the  alternatives  which  will  be 
discussed  has  the  potential  to  reduce  fuel  oil  costs  at  the  facility. 
However,  in-depth  engineering  and  economic  analyses  are  necessary  to 
determine  precisely  their  economic  merit,  specifically  with  respect 
to  payback  periods.  While  not  an  in-depth  analysis,  the  following 
provides  some  preliminary  data. 

The  replacement  of  existing  burners  and  combustion  controls 
with  a  system  allowing  continuous  firing  at  low  excess  air  levels 
of  approximately  77,  would  improve  boiler  efficiency  by  reducing  the 
heat  lost  up  the  stack.  Preliminary  estimates  indicate  a  reduction 
in  fuel  consumption  of  approximately  2 7,  at  low  load  (approximately 
407,  load)  and  0.67o  at  full  boiler  load  (1007,).  However,  it  may  not 
be  possible  or  practical  to  maintain  the  low  excess  air  levels  over 
the  boiler's  operating  range.  If  low  excess  air  burners  were  to  be 
seriously  considered,  it  would  be  advantageous  to  have  a  modeling 
study  conducted  to  determine  if  changes  would  be  required  to  the 
windbox  and  furnace  configurations  to  achieve  the  low  excess  air 
levels  over  the  extreme  load  range  encountered  at  the  Academy. 

The  fitting  of  the  U.S.C.G.  Academy  boilers  with  economizers 
has  a  good  potential  for  boiler  efficiency  improvement,  especially 
at  high  loads.  Economizers  tranfer  some  of  the  heat  from  the  flue 
gas  to  the  feed  water  and  thereby  reduce  flue  gas  heat  losses.  Pre¬ 
liminary  calculations  indicate  a  potential  fuel  savings  of  37,  at 
low  load  (407,)  to  57,  at  full  load  (1007,).  An  analysis  of  this 
approach  must  address  the  boiler  operating  profile  with  particular 
attention  to  the  annual  average  boiler  load  because  the  percent 
boiler  load  greatly  influences  the  economics.  Since  there  is  a  high 
potential  for  acid  corrosion  in  the  economizers  at  low  loads  during 
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the  summer,  a  special  by-pass  control  system  to  automatically  by¬ 
pass  the  economizers  at  low  load  may  be  required.  This  would  add  to 
the  cost  and  complexity  of  the  modif ication. 

The  replacement  of  one  of  the  present  water  tube  boilers  with 
a  package  fire  tube  boiler,  or  the  addition  of  such  a  boiler  for 
summer  operation,  is  considered  to  have  excellent  economic  potential 
for  this  facility.  This  modification  would  provide  both  summer  and 
winter  operation  of  the  boilers  at  their  optimum  design  conditions. 
It  is  presently  normal  procedure  to  secure  the  boiler  at  night  dur¬ 
ing  the  summer  due  to  low  load.  Also,  it  has  been  noted  that  higher 
than  necessary  excess  air  levels  are  being  carried  in  the  summer  to 
artifically  load  the  boiler  to  maintain  sufficient  oil  pressure  at 
the  burner  to  prevent  unstable  flame  conditions  and  subsequent  boil¬ 
er  trips.  These  practices  reduce  boiler  efficiency  and  result  in 
increased  boiler  maintenance.  Another  advantage  of  the  package 
boiler  approach  is  that  the  packaged  fire  tube  boilers  in  this  size 
range  have  a  higher  thermal  efficiency  than  the  water  tube  boiler. 

A  packaged  boiler  of  about  250  horsepower  would  generate  307o  of  the 
present  boiler's  rated  capacity.  With  the  standard  four  (4)  to  one 
(1)  turndown  ratio,  the  boiler  would  be  capable  of  operating  in  the 
load  range  from  2,150  to  8,625  pounds  steam/hour  with  a  boiler 
efficiency  typically  of  827®  at  low  load  and  83.57®  at  high  load. 

This  boiler  size  would  satisfactorily  meet  the  facilities  steam 
demands  for  six  (6)  to  seven  (7)  months  of  the  annual  operating 
period  (April  to  October). 

As  previously  noted,  the  above  alternatives  appear  to  have 
merit  and  should  be  investigated  in  detail. 

6.8  Recommendations 

6.8.1  U.S.C.G.  Shoreside  Boiler  Facilities 

The  following  procedure  is  recommended  for  U.S.C.G.  shoreside 
boiler  installations  with  either  poor  boiler  efficiency  or  a  flue 
gas  particulate  emission  problem. 

A.  Calibrate  or  obtain  instrumentation  necessary  for  efficient 
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operation.  In  addition  to  the  normal  instrumentation  required 
to  safely  operate  the  boiler,  an  accurate  fuel  oil  meter,  feed 
water  meter,  flue  gas  oxygen  monitor,  opacity  monitor,  vis¬ 
cometer  and  stack  thermometer  are  essential  for  efficient 
boiler  operation. 

B.  Inspect,  repair  and  replace  burner  parts,  register  assemblies 
and  throat  brickwork.  Check  with  burner  manufacturer  to  deter¬ 
mine  if  any  changes  have  been  made  in  the  original  specifica¬ 
tions  . 

C.  Trim  boiler  excess  air  while  operating  boiler  at  steady  high 
load  to  determine  if  excess  air  can  be  reduced  to  and  run  at 
near  design  levels. 

D.  If  near  design  excess  air  levels  cannot  be  obtained,  have 
burner  and  combustion  control  manufacturers  representatives 
come  to  site  for  one  to  two  (1-2)  days  of  tuning.  The  tuning 
should  be  done  while  the  boiler  is  operating  at  a  high,  steady 
load  and  both  representatives  should  be  on  site  for  the  same 
days.  First,  it  is  necessary  to  determine  if  the  burner  is 
capable  of  operating  at  design  conditions,  then  the  combustion 
control  must  be  set  up  to  operate  as  closely  as  possible  to 
design  excess  air  levels  without  smoking  excessively  during 
load  changes . 

E.  If  the  burner  is  not  capable  of  operating  at  design  excess  air 
levels  for  any  reason,  such  as  degraded  fuels,  conversion  of  a 
coal-fired  to  an  oil-fired  boiler  or  poor  design,  remove  emul¬ 
sifier  from  U.S.C.G.  Academy  and  install  at  new  site. 

F.  Determine  if  emulsifier  improves  atomization  and  therefore 
combustion  sufficiently  to  allow  operation  at  lower  excess  air 
level . 

6.8.2  U.S.C.G.  Academy 

The  following  recommendations  pertain  specifically  to  the 

U.S.C.G.  Academy: 

*  Review  present  Academy  steam  consumers  characteristics  to 


determine  methods  of  dampening  extreme  load  fluctuations. 

These  extreme  load  fluctuations  upset  the  boiler  operation  and 
require  a  considerable  cushion  of  excess  air  be  maintained  to 
prevent  excessive  smoking  during  load  changes. 

Investigate  a  more  sophisticated  combustion  control  system 
which  would  allow  maintaining  low  excess  air  during  load 
fluctuations . 

Consider  the  installation  of  a  package  boiler  sized  for  summer 
load.  The  Bigelow  KW  20  boilers  are  oversized  for  the  summer 
load  and  are  shut-down  at  night.  Also,  it  is  a  common  practice 
to  artifically  load  the  boiler  during  low  load  periods  by 
increasing  the  excess  air  to  prevent  boiler  shut-down  due  to 
low  load. 

Retain  and  operate  emulsifier  at  Academy  until  boiler,  as 
identified  in  Section  6.8.1,  is  identified.  Also,  as  fuel 
quality  deteriorates  in  the  future,  the  emulsifier  may  signi¬ 
ficantly  improve  atomization  over  the  conventional  steam  atom¬ 
ization. 
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Energy  and  Environmental  Service i 


Fuel  Engineering  Coi.^any  of  New  York 

30  ClAIRMONT  AVENUE  •  THORNWOOD.  NY  10594  •  (914)769-7900 

Test  Report  #  316206  Sample  Identification  u.s.c.G.  Academy  Bir.  1)3 

Meter  reading  250,000 

Date  Received  1/20/1981 

P.0.  #  P066-01-24  Sampled  by:  (You)  WS)  Date:  1/10/1981  @0804 


CE  HTJFXC  ATE^F  OIL  ANALYSIS 

Approved  by  'y  — -Xs 


Date  Mailed  1/23/1981 
Degrees  API  @60°F 
Specific  Gravity  @60°F 
Flash  Point  °F 
Bottom  Sediment  (incl  water) 
Sulfur  % 

BTU  per  pound 
BTU  per  gallon 


Viscosity  @ 
0 
e 

@ 

Ash 

Carbon 

Hydrogen 

Sulfur 

Nitrogen 

Oxygen 


122  .P 

T2T-F 


19.3 

0.9383 


Seaworthy  Engine  Systems 
36  Main  Street 
Essex,  Connecticut  06426 
/.  Attn:  Reed  Cass 


CHEMICAL  ANALYSIS 


Sodium 

23 

PPM 

0.43 

Vanadium 

56 

PPM 

18945 

Potassium 

148036 

Iron 

57.7  SSF 

Lead 

^entistokes 


0.032 

87.07 

11.67 

0.43 

0.30 

0.31 


Copper 

Magnesium 

Calcium 

Manganese 


Water  by  Distillation 

Sediment  by  Extraction 

Pour  Point 
Fire  Point 
Freezing  Point 


Carbon  Residue 
Neutralization  No. 


AS  A  MUTUAi  PROTECTION  TO  CLIENTS  THE  PUBLIC  AND  OURSELVES  AU  REPORTS  ARE  SUBMITTED  AS  Inf  CONFIDENTIAL  PROPERTY  OF  Cl*f NTS  AND 
/  AUTMOM/Afk»N  K)R  l*UhnCAllON  i  V  STATEMENTS  CONCLUSIONS  OR  E*TRA(,*S  »ROM  v  <Q  RlC.ARfMN C,  Ou»  REPORTS  IS  RESERVED  F  ENDING  CXJR 
*'  WRITTEN  Am.*  >V Al 


Fuel  Engineering  Cc..tpany  of  New  York 


Energy  and  Environmental  Servicet 


30  CLAIRMONT  AVENUE  •  IHORNWOOO.  N  V  10594  •  (914)  769-7900 


Test  Report  #  328615 
Date  Received  1/18/82 
P.0.  #  P066-0 1-24 


Sample  Identification 

Oil  &  Waste  Emulsion  -  Meter=  779,472  Gal. 
U.S.C.G.  Academy  -  Boiler  // 3 

Sampled  by:  (You)  Date:  12/10/81 


CERTIFICATE  OF  OIL  ANALYSIS 


Approved  by 


F  ICA 

.  LJa 


Date  Mailed  January  25,  1982 

Degrees  API  @60°F  _ 

Specific  Gravity  @60°F 


0.9503 


Flash  Point  °F 


Bottom  Sediment (incl  water) %_ 
Sulfur  % 


|  Seaworthy  Engine  Systems,  Inc. 
I  36  Main  Street 
t  Essex,  CT  06426 
'  Attn.  Mr.  Reed  Cass 


CHEMICAL  ANALYSIS 


Sodium 


Vanadium 


80  PPM 


88  PPM 


BTU  per  pound 

BTU  per  gallon 

Viscosity  0  _ 

0  _ 

0 


17769 


140624 


Potassium 


93.7  SFS  Lead 

197.7  CENTI STOKES 

86.0  CENTISTOKES  Nickel 

23.8  CENTISTOKES 

Copper 


Carbon 


Hydrogen 

Nitrogen 


81.13 


11.40 


Magnesium 

Calcium 

Manganese 


Oxygen 


Sulfur 


Water  by  Distillation 

Sediment  by  Extraction 

Pour  Point 
Fire  Point 
Freezing  Point 


Carbon  Residue 


AS  A  MUluAl  PROTECTION  TO  CUENTS  THE  PUBIC  A  NO  OURStlVES.  All  REPORTS  APE  SUBMITTED  AS  IHl  CONEKXNTIAl  POOP*  PI  V  Of  Cl't  NTS  AND  •  .J-  U 
AUTHORISATION  FOR  PUBICAIION  OE  STATEMENTS  CONCIUSIONS  OP  EXTRACTS  FROM  OR  REGARDING  OUR  REPORTS  IS  RESERVED  PEND'N  •  IX  r.  '  '-V"  ^ 

WRITTEN  APPROVAt  *  » '*  A*? 


Eastern  Analytical  Laboratory 

251  Main  Street  -  Old  Saybrook,  Ct.  06475 


(203)  388-2378 


Seaworthy  Engine  Systems 
36  Main  Street 
Essex,  Connecticut 


ATTENTION:  Reed  Cass 


Sample  #  0132A 
Date  Collected: 
Date  Received: 


City  water  for  water-oil  emulsifier 

12  January  1982  Collected  By:  Reed  Cass 

13  January  1982  Time  Received:  10:45  AM. 


TEST  RESULTS 


POTASSIUM 

1.5 

mg/t 

CALCIUM 

9.6 

mg/1 

SODIUM 

11 

mg/1 

PH 

6.65 

CHLORIDES 

8 

mg/1 

no  charge  for  the  following  tests: 
SUSPENDED  SOLIDS  13  mg/1 

TOTAL  DISSOLVED  SOLIDS  55  mg/1 
TURBIDITY  1.6  units 


Date  of  Report:  14  January  1982 


R.  M.  Kirpos,  B.Sc.,  M.T. 


Director 


Rep.  No.  PH0448 


APPENDIX  D 

FOLLAND  ST  4  SERIES  EMULSION  FUEL  SYSTEM 
ELECTRICAL  AND  MECHANICAL  SCHEMATICS 


D-l 


01  nt«%vAl  WkJVMC,  MftX.  «r*7 

1  -  I  w**»n.  •‘•o-w  bc»><n  uowk  catM*!*** 

M«U  iwn  R0»oa  mH*w»  o*N 

ItaiAft  **C«1«.«.  COm*CC.TV»J%.  -<•«.  V.IWJC  JS  I  24  fOC.  OX*AtK  \\tf\S  u>  u»lff(T3«  \AMt»  wOttMQ  IA<k.»«l  Tvrn.  U*t»l  <>%WUI"I 

■j  Uctwit  «on. 

- UtK^U  f«J)  Ml»44 

□  •Jo>c*na  n***»»*-  *»  «*••*  cmm.  fwu 
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THIS  CONSTANT  INPUT -VARIABLE  OUTPUT 
SYSTEM  AND  THE  USE  OF  AN  EMULSION 
RECEIVER  IS  FATENTED. OTHER  PATENTS 
PENDING  THROUGHOUT  THE  WORLD. 


UaNtt  «TM 

fCOOf  (A*l 


S3  ST  4  tCQACA _ 

_ _ no  *«*. - 


0212  -  3001 


nVTK 


E 


(•vision  to  burner  syste* 
150  psiq  end  above 


ITEM 


QTT 


DESCRIPTION 


1 

Oil  pressure  regulator 

1 

Oil  back  pressure  regulator 

2 

Air  filter 

1 

Autoaatic  cycling  valve  assembly 

2 

Ball  valve,  aanual 

I 

Lou  pressure  svitch 

1 

Receiver  assembly 

1 

Barodynaaic  resonator 

1 

Solenoid  valve 

10 

1 

Air  pressure  regulator 

mm 

IB 

MM 

14 

1 

Mater  strainer 

15 

1 

Mater  pressure  regulator 

16 

17 

1 

Mater  flou  gauge 

18 

1 

Float  tank  uater  supply 

19 

20 

1 

Mater  puap 

20a 

1 

Notor  uater  puap 

20b 

1 

Sheave  aotor 

20c 

1 

Sheave  puap 

20d 

1 

Guard  belt 

20  e 

1 

Belt 

21 

22 

23 

1 

Recirculating  valve 

24 

1 

Booster  puap 

24a 

1 

Notor  booster  puap 

24b 

1 

Coupling 

24c 

1 

Guard  coupling 

25 

1 

Eaulsion  temperature  gauge 

26 

1 

Eaulsion  pressure  gauge 

27 

1 

Injection  pressure  gauge 

28 

1 

Oil  pressure  gauge 

29 

1 

Air  pressure  gauge 

30 

1 

Receiver  relief  valve 

31 

32 

33 

34 

35 

1 

Ball  valve,  aanual 

36 

1 

Mater  injection  pressure  gauge 

37 

38 

5 

Gauge  cock 

39 

1 

Ball  check  valve 

40 

1 

Capped  saapling  nipple 

41 

42 

1 

Mater  orifice  check  valve 

follanci 

ST  4  series 

EMULSION  FUEL  SYSTEM  *CIVO  (Pot*ftt*4) 
MECHANICAL  SCHEMATIC 

0212-4001 

2  2 

D 

D-4 


SUMMARY  SHEET  H»K  ABBREVIATED  EFFICIENCY  TEST  PTC  4.  l-o  {  1964) 

Test  Series; _ Preliminary  Neat  Oil _ TEST  N0  i _ boiler  no  3  date  8/12/80 

Owner  of  plant _ U.S.  Coast  Guard _ _ _ location  New  London.  CT 

test  conducted  sr _ Seaworthy  Engine  Systems _ objective  or  TESTMpaglirt,  Eff-irSanry  duration  4  9] 

boiler  mare  a  TYPE  _  _ Bigelow  KS_ 20 .  Rated  5aRa.c mr  28,500  lbs7hi 

STOKER  TYPE  &  SIZE  N/A 

pul  .erizer.  TYPE  A  SIZE  N/A .  ...  _ _ .  .bur”£“>  S|ZE.(No)  86-60  (1] 

EUEL  USED  Oil _ WINE  N/A _ COUNTY  N/A _ STATE  N/A  SIZ  E  A  S  F  IRE  p  N  /  A 


ASME  TEST  FORM 

FOR  ABBREVIATED  EFFICIENCY  TEST 


PRESSURES  &  TEMPERATURES  FUEL  DATA 


owner  of  plant 


stoker  type  &  SIZE 

PUL.ERIZER.  TYPE  A  SIZE 


•P  Efficiency  DURATION  4  HR 

"A.T  -  -  5.  A_  A5 --  28,500  1  bs  /h  r 
nuRNEw,  SIZE(No)  86-60  (1) 

STATE  H/A  SIZE  AS  FIREDn/a 


FUEL  DATA 


STEAM  PRESSURE  IN  BOILER  DRUM 
STEAM  PRESSURE  AT  S.  H  OUTLET 


steam  pressure  at  r.  m.  inle  t 


steam  pressure  at  r.  h.  outle  t 


steam  TEMPERATURE  AT  outlet 


steam  TEMPERATURE  AT  R  h  inlet 


steam  TEMPERATURE  AT  R.H  outlet 


ST  E  AM  OUALI TY  %  MOISTURE 


AIR  TEMP.  AROUND  BOILER  (AMBIENT) 


TEMP  AIR  FOR  COMBUSTION 
(TKi,  i,  Rcf.r.nc.  Tamstrolurt I  I 


TEMPERATURE  OF  FUEL 


CAS  TEMP.  LEAVING  (Boi l#r ) 


CAS  TEMP.  ENTERING  AH  (II  condition,  to  bo 
cottoctod  to  oooionttf ) _ 


UNIT  QUANTITIES 


ENTHALPY  OF  SAT.LIOUIO  (TOTAL  HEATI 


ENTHALPY  OF(SATURATED 

STM.  _ 


ENTHALPY  OF  SAT.  FEED  TO  (BOILER)  .  .  .  „ 

Btu/lb  181.8 


ENTHALPY  OF  REHEATED  STEAM  R.H.  INLET  Btu.  lb  N/A 


ENTHALPY  OF  REHEATED  STEAM  R.  H 

OUTLET  _ 


HEAT  A  BS  LB  OF  STEAM  (ITEM  16  -  ITEM  IT) 


MEAT  ABS.LB  R.H.  STEAMOTEM  19-ITEM  181 


ORY  REFUSE  (ASH  PIT  •  FLY  ASH)  PER  LB 

AS  FIRED  FUEL  _  lb/lb  N/A _ 


B,«  PER  LB  IN  REFUSE  (WEIGHTED  A  VE RAGE )  lBtu/lb  N/A 


CARBON  BURNED  PER  LB  AS  FIRED  FUEL 


DRY  GAS  PER  LB  AS  FIRED  TUEL  BURNED 


HOURLY  QUANTITIES 


ACTUAL  WATER  EVAPORATED 


REHEAT  STEAM  FLOW 


RATE  OF  FUEL  FIRING  (AS  FIRED  -t) 


TOTAL  HEAT  INPUT 

_ 1000  _ 

JO  HEAT  OUTPUT  IN  BLOW. OOWN  WATER  |LB/t>.  n/_A 

..  ^  (Itom  76.  Ito".  701  .(Iton.  ?T 'Iton.  ?  I /»  I'cm  3C  LB.'tir 

11  I  output"  """  .000  " _ r  14932.9 

FLUE  GAS  ANAL.  (BOILERKECON)  (AIR  MTR)  OUTLET 


sm^lajh  poinj  f-  _  jNo  Dat 
}}  _  Sp. c.o"ty _ 10.9580 

VISCOSITY  AT  ssu- 


S3  I  BURNER _ 

TOTaL HYOROCEn 


TOTAL 


8iv  Mr  lb  AS  FIRED 


ASH  SOFT  TEMP.- 
ASTM  ME  THOO 


COAL  OR  OIL  AS  FIRED 
ULTIMATE  ANALYSIS 


CARBON 


HYOROCEN 


OXYGEN 


160 


18548 


85.71 


nitrogen 


ASH 


MOISTURE 


11.26 


2.22 


0.37 


0.41 


0.028 


1.6 


co 


CH.  METHANE 


N/A 


C,H,  ACETYLENE  N/A 


C,  M,  ETHYLENE 


C,h,  ethane 


H,s 


N/A 


h,  hydrogen  |  n/a 


TOTAL 


COAL  PULVERIZATION 


grindability 

index- 


FINENESS  %  THRU 
SO  M* 


FINENESS  %  THRU 
700  M- 


INPUT. OUTPUT 
EFFICIENCY  OF  UNIT 


DENSITY  6B  F 

ATM  PRESS  N/A 


Btu  PER  CU  FT 


Btu  PER  LB 


ITEM  31  .  100 
ITEM 


Btu/lb  %  .1  A.  F 

A.  F.  FUEL  FUEL 


0.8571 


MEAT  LOSS  efficiency 


MEAT  LOSS  DUE  TO  DRY  GAS 


HEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL 


205.6^.6. 

18.6 


HEAT  LOSS  DUE  TO  H,0  FROM  COmB  OFhJ  H81 .0 


HEAT  LOSS  DUE  TO  COMBUST  IN  REFUSE  |  ___ 

HEAT  LOSS  DUE  TO  RADIATION  f - __ 

UNME  ASURED  LOSSES  } - 

TOTAL 

EFFICIENCY  ■  (100  -  It.m  71) 


3? 

co, 

%  VOL 

6.5 

33 

0, 

*  VOL 

12.6 

3d 

CO 

X  VOL 

0.01- 

35 

N,  (BY  DIFFERENCE) 

X  VOL 

an.  9 

34 

EXCESS  AIR 

X 

138.4 

'  Not  Required  for  Efficiency  Tettinq 

t  For  Point  of  Meoiuremonl  See  Po».  2.2.§.l*PtC  4.1*1^64 


UMMARY  SHEET 


ASH  E  TEST  FORM 

FOR  ABBREVIATED  EFFICIENCY  TEST 


PTC  4.  l-o  (  1964) 


Test  Series: _ 

Preliminary  Neat  Oil 

TEST  NO 

2 

BOILER  NO.  DATE  8/12/80 

Owner  of  PLANT 

U . § .  Coast  Guard 

LOCATION 

New 

London.  CT 

TEST  CONOUCTEO  BY 

.....  Seaworthy  Engine  Systems 

OBJECTIVE  OF 

T^TMeasure  EfflrJgnrv  DURATION  4  up  1 

OOlL  £  R  MAKE  &  TYPE 

S70K  E  R  TYPE  4  S tZf 

Bigelow  KS  20 

N/A 

RAT E.ECAPAC.'_Ti  28, 500  1  bs /hr 

Pul  -  t  RiZER.  type  &  SIZE 

N/A 

burner^  SlZE(No)  86-60  (2) 

FUEL  USED  Oil 

MINE  N/A 

COUNTY  N/A 

STATE  N/A  S'ZE  AS  firedn/a 

PRESSURES  &  TEMPERATURES  FUEL  DATA 


B 

STEAM  PRESSURE  IN  OOUER  DRUM 

PS  •  O 

100.1 

COAL  AS  FIREO 
PROX.  ANALYSIS 

%  wt 

OIL 

H 

STEAM  PRESSURE  AT  S  M  OUTLET 

PSIO 

N/A 

37 

moisture 

.H/A. 

51 

FLASH 

POINT  F  * 

No  Date 
3.9580 

Ll 

STEAM  pre  SSURE  at  r  h.  inle  t 

PS  >  a 

N/A 

38 

VOL  MATTER 

.N/A 

52 

Sp.  Gravity 

m 

steam  PRESSURE  AT  R  h  OUTLE  t 

ps  »o 

N/A 

39 

FIXED  CARBON 

N/A 

S3 

VISCOSITY  AT  SSU' 
BURNER 

160 

gj 

steam  temperature  AT  OUTLET 

F 

325.2 

H 

ASH 

N/A 

44 

TOTAL  HYDROGEN 

%  -i 

11.26 

■i 

steam  temperature  at  R  h  inlet 

F 

N/A 

TOTAL 

n 

Btu  por 

lb 

18548 

Be 

steam  TEMPERATURE  AT  R.H  OUTLET 

F 

N/A 

n 

Biu  ...  lb  AS  FIRED 

H/A 

d 

water  TEMP  ENTERING  (BOILER) 

M 

209.4 

m 

ASH  SOFT  TEMP 

ASTM  method 

mm 

CAS 

%  VOL 

■i 

mm 

COAL  OR  OIL  AS  FIRED 

■■ 

m 

STEAMOUALITYT.  moisture 

E9f 

1.50 

ULTIMATE  ANALYSIS 

Si 

CO 

1 

m 

AIR  TEMP.  AROUND  BOILER  (AMBIENT) 

F 

93 

B 

CARBON 

85.71 

B 

CH.  METHANE 

N/A 

ii 

TEMP  AIR  FOR  COMBUSTION 
(This  •*  Reference  Temperature)  1 

F 

91.6 

i 

HYDROGEN 

11.26 

56 

c,h,  acetylene 

N/A 

i? 

TEMPERATURE  OF  FUEL 

F 

185.4 

□ 

OXYGEN 

2.22 

57 

C,H.  ETHYLENE 

N/A 

13 

GAS  TEMP.  LEAVING  (Boil.r) 

F 

390.1 

m 

NITROGEN 

0.37 

n 

c.h.  ETHANE 

N/A 

14 

CAS  TEMP.  ENTERING  AM  (II  conditions  »o  be 
corrected  »o  auoionlce) 

F 

N/A 

■ 

0.41 

Ifl 

M.S 

m 

UNIT  QUANTITIES 

n 

ash 

0.028 

m 

CO, 

N/A 

an 

ENTHALPY  OF  SAT. LIQUID  (TOTAL  HEAT) 

n 

B9 

MOISTURE 

1.6 

m 

M 

16 

ENTHALPY  OF(SATURATED 

STM 

Biw/lb 

1173.9 

total 

total 

■Mf! 

17 

ENTHALPY  OF  SAT.  FEEO  TO  (BOILER) 

Btu/lb 

177.4 

COAL  PULVERIZATION 

1 

TOTAL  HYDROGEN 

%  wt 

N/A 

18 

ENTHALPY  OF  REHEATEO  STEam  R.H.  INLET 

Btu.  1  b 

N/A 

48 

GRINDABIUTY 

INDEX* 

N/A 

DENSITY  68  F 

ATM.  PRESS  N/A 

J9 

Enthalpy  of  reheated  steam  r.  h. 
OUTLET 

m 

_N/A.  . 

49 

FINENESS  %  THRU 

50  M 

N/A 

m 

HHHVIHK 

30 

MEAT  ABS.'LB  OF  STEAM  (ITEM  IS  -  ITEM  17) 

Bru  lb 

996.5 

50 

FINENESS  %  THRU 
200  M 

a 

Btu  PER  LB 

31 

HEAT  ABS.LB  R.H.  ST  E  AM  (ITEM  19-ITEm  18) 

B,u,  lb 

N/A 

64 

INPUT. OUTPUT 

EFFICIENCY  OF  UNIT  % 

,'^v 

33 

ORY  REFUSE  (ASH  PIT  »  FLY  ASH)  PER  LB 

AS  FIRED  FUEL 

*b/  lb 

N/A 

B.u/lb  j 

A.  F.  FUEL  | 

%  ol  A  F 
FUEL 

33 

B.u  PER  LB  IN  REFUSE  (WEIGHTED  AVERAGE) 

Btu/1  b 

N/A 

65 

HEAT  LOSS  DUE  TO  DRY  GAS 

mmm\ 

.  .9^0  . 

7  4 

CARBON  BURNED  PER  LB  AS  FIRED  FUEL 

Ib/lb 

0.8571 

66 

MEAT  LOSS  DUE  TO  MOISTURE 

IN  FUEL 

18.8 

25 

DRY  GAL  PER  LB  AS  FIRED  TUEL  BURNED 

lb/  1  b 

23.4 

67 

HEAT  LOSS  DUF  TO  H,0  FROM 

COMB  OF  H, 

1193.5 

6j_4. 

HOURLY  QUANTITIES 

68 

HEAT  LOSS  DUE  TO  COMBUST 

in  refuse 

_ 

76 

actual  WATER  EVAPORATED 

lb  hr 

8933.1 

69 

HEAT  LOSS  DUE  TO 

RADIA  tion 

— 

2.8 

37 

REMEaT  STEam  FLOW 

lb  /hr 

N/A 

70 

UNME  ASURED  l  osses 

— 

3.0 

28 

RATE  OF  FUEL  FIRING  (AS  FIRED  -.) 

1  b/  hr 

623.2 

71 

TOTAL 

21.4 

39 

TOTAL  HEAT  input  *  '"."V  fl> 

1000 

11558.* 

73 

EFFICIENCY  -  (100 

-  1  tem  7  1 ) 

78.6 

30 

HEAT  OUTPUT  IN  BLOW  DOWN  WATER 

mm 

N/A. 

J> 

(I  tem  Jfitlifni  ?Cl  •  (1  ten*  ?  1  •  1  ten*  ?  1  1  •  Iren*  3G 

OUTPUT  1000 

h  B  b. 

8901.5 

flue  GAS  ANAL.  (BOILERMECON)  (AIR  HTR) 

OUTLET 

33 

CO, 

\  VOl 

9.1 

33 

0, 

%  VOL 

9.1.  . 

34 

CO 

ITM1 

0 .  Qi 

Not  Recurred  lor  EH'« 

IS 

N,  (BY  DIFFERENCE) 

%  VOL 

81.6 

36 

EXCESS  AIR 

% 

73.8- 

1  For  Point  of  Meoturoment  See  Por.  7.2.8.1»PTC  4.1.1964 

SUMMARY  SHEET 


owner  of  plant 
TEST  CONOUCTEO  8T 
BOaEI  MAKE  &  TYPE 
STOkER  TYPE  &  SIZE 
Pul  .  C  Pi  Z  £  ft.  TYPE  &  SIZE 
FUEL  USED  Oil 


ASME  TEST  FORM 

FOR  ABBREVIATED  EFFICIENCY  TEST 


_U ,_§ .  Coast  Guard _ _ _ location  New  London.  CT 

Seaworthy  Engine  Systems  objective  of  TE$TMpagllrt>  Rff< 


PTC  4.1-0(1964) 


Bigelow  KS  20 

N/A 

N/A 

_  mine  N/A 


RATED  CAPACITY 


f  Duration  ^ 

28,500  lbs/hr 


PRESSURES  &  TEMPERATURES 


steam  pressure  in  boiler  drum 


°_URNE.S  Sm.Ofo)  102-73  (2) 

N/A  size  as  fiwedn/A 


st*te  nA 

FUEL  DATA 


STEAM  pressure  at  s  h  OllTLFT 

STEAM  PRESSURE  AT  R.  II.  INLE  T 

STEAM  PRESSURE  AT  R.  H.  OU  T  L  E  T _ 

STEAM  TEMPERATURE  AT  OUTLET 


STEAM  TEMPERATURE  AT  R  H  INLET 


STEAM  TEMPERATURE  AT  R.  H  OUTLET 


WATER  TEMP  ENTERINC  (BOILER 


STEAM  QUALITY  %  MOISTURE 


AIR  TEMP.  AROUND  BOILER  (AMBIENT) 


temp  air  for  combustion 

( Thi,  is  Reference  Ttmpf»,ly«) 


temperature  of  fuel 


GAS  TEMP.  LEAVING  (Boil. r) 


14  GAS  TEMP.  ENTERING  AH  (II  conditions  <o  be 

come  led  lo  auoronl..)  _ 


UNIT  QUANTITIES 


ENTHALPY  OF  SAT.  LIQUID  (TOTAL  HEAT)  Ifii./lb 


16  ENTHALPY  OF  (SATURATED 
STM 


ENTHALPY  OF  SAT.  FEED  TO  (BOILER) 


MOISTURE 


38  VOL  MATTER 

39  FIXED  CARBON 


ASH 


ASH  SOFT  TEMP.* 
ASTM  ME  THOD 


COAL  OR  OIL  AS  FIRED 
ULTIMATE  ANALYSIS 


II 


FLASM  P0INT  Liojat’ 

S3  Isp  G.ov,  |0 . 9 580 


VISCOSITY  AT  ssu- 
S3  BURNER 


■EBQEQZrSs'gBMI 


HYOROGEN 


OXYGEN 


NITROGEN 


ASH 


MOISTURE 


CO 


85.71  ss  Icm.  methane  I  N/A 


11.261  3*  cam»  acetylene  n/A 


C.H.  ETHYLENE  n/A 


C.H.  ethane  N/A 


[Bm/lb  11174.3 


Biu/ib  186.5 


enthalpy  of  reheated  steam 

R.H.  INLET 

ENTHALPY  OF  REHEATED  STEAM 

R.  H. 

OUTLET 

HEAT  ABS.LB  OF  STEAM  (ITEM  16 

-  ITEM  17) 

MEAT  ABS.LB  R.M.  ST  E  AM  (ITEM  1 

9-ITEm  19) 

TOTAL 


COAL  PULVERIZATION 


GRINDABILIT  Y 
INDEX" 


FINENESS  %  THRU 
50  M' 


FINENESS  %  THRU 
200  M* 


INPUT  -OUTPUT  ITEM  31  ■  100  __ 

E  FFICIENCY  OF  UNIT  %  ITEM  29 


TOTAL  HYDROGEN  I 
%  Wl  I 


DENSITY  68  F 

ATM.  PRESS.  N/A 


Biu  PER  CU  FT 


St„  PER  LB 


22  ORY  REFUSE  (ASH  PIT  •  FLY  ASH)  PER  LB 

AS  FIRED  FUEL _ lb/lb  N/A 


Bi»  PER  LB  IN  REFUSE  (WEIGHTED  AVERAGE)  Bi«/lb  N/A 


CARBON  BURNEO  PER  LB  AS  FIRED  FUEL  I  lb/lb 


ORY  GAS  PER  LB  AS  FIRED  ruEL  BURNED  IbXb 


actual  water  EVAPORATED 


REHEAT  STEAM  FLOW 


RATE  OF  FUEL  FIRINC  (AS  FIRED  -i) 


29  TOTAL  HEAT  INPUT  (L'skJ!. .». 

I _  _  _ 1000 

HEAT  OUTPUT  IN  BLOW  DOWN  WATER 


HEAT  LOSS  EFFICIENCY 


HEAT  LOSS  DUE  TO  DRY  GAS 


Bfv/lb 
A.  F.  FUEL 


1623.4 


MEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL  I  19.1 


MEAT  LOSS  DUE  TO  M,0  FROM  COMB  OFMJ1211 .4 


ME  AT  LOSS  DUE  TO  COMBUST  IN  REFUSE 


MEAT  LOSS  DUE  TO  RADIATION 


UNMF  ASURED  LOSSES _ _ 

TOTAL.' 
efficiency  -  moo  -  ii.m  ;i) 


31  HEAT^"  (J.'.TT’  26-J_U.'_20l  *(l  len'  TT'I*.**  21>*Uen.3C 

OUTPUT  1000 


FLUE  GAS  ANAL.  (BOILERXECON)  (AIR  MTR)  OUTLET 


CO,  N  VOL 


%  VOL 


CO  .  _ 1%  VOL 


N,  (BY  DIFFERENCE)  |%  VOL 


EXCESS  AIR 


*  Not  Riqwiffo  iof  Efficiency  Totting 

t  Fo»  Point  of  M««ivtement  Soo  Pet.  ?.M.I*PTC  4.1-1964 


NUMMARY  SHEET 


ASM  E  TEST  FORM 

FOR  ABBREVIATED  EFFICIENCY  TEST 


TEST  NO 


Owner  of  plant _ u .  S .  Coast  Guard _ _  _ _ location  New  London.  CT 

TEST  CONOUCTEO  by _ Seawprthy_Engine  Systems  _  .  objective  or  TESTMpa<il,rt>  Fff 

boiler  make  &  TYPE  Bigelow  KS  20  rated c 

STOKER  TYPE  8  SIZE  N/A 

PUL -C  RIZER.  TYPE  &  SIZE  N/A  BURNER 

EUEL  USED _ Oil _ MINE _ N/A _ COUNTY  N/A _ STATE 

PRESSURES  4  TEMPERATURES  FUEL  DAT, 


PTC  4.  l-o  (  1964) 


date 


STOKER  TYPE  8  SIZE 
PUL  •  £  RIZER,  TYPE  &  SIZE 


Hfp  F.f  f  ^  rl  pnry  PURaT  ION  ^  ||g 

. .  RaTEE  CAPACITT  28, 500  1  bs /hr 

burner>  SIZE( No) 109-78  (2) 
TATE  N/A  as  eiwedn/a 


*TATE  N/i 

FUEL  DATA 


STEam  PRESSURE  IN  BOILER  DRUM 

STEam  PRESSURE  AT  S.  H  OUTLET 
steam  PRESSURE  at  r  h.  inle  t 

STEam  PRESSURE  AT  R  H  OUTLE  t 
steam  TEMPERATURE  AT  OUTLET 


STEAM  TEMPERATURE  AT  R  m  INLET 


STEAM  TEMPERATURE  AT  R  h  outlet 


WATER  TEMP  ENTERING  (BOILER 


STEAM  OUALITYT,  MOISTURE 


AIR  TEMP.  AROUND  BOILER  (AMBIENT) 


,,  TEMP  AIR  FOR  COMBUSTION 

(This  it  Reference  Ttmptialuie)  I 


TEMPERATURE  of  fuel 


GAS  TEMP.  LEAVING  (Boil..) 


14  GAS  TEMP.  ENTERING  AM  (If  condition,  10  be 
co.r.ct.d  to  OMOtonl..)  _ 


UNIT  QUANTITIES 


ENTHALPY  OF  SAT.  LIQUID  (TOTAL  HEAT) 


I*  ENTHALPY  OF  (SATURATED' 
STM 


ENTHALPY  OF  sat.  FEED  TO  (BOILER) 


101,8 

N/A 

.N/A 

N/A 


r  L  ASH  POIN  T  F  • 

No  Dat 

Sp.  Gravity 

p.  9580 

VISCOSl T  Y  at  SSU- 

167 

BURNER 

TOTAL  HYDROGEN 


Btw  per  tb 


ASH  SOFT  TEMP.- 
AS TM  ME  THOO 


COAL  OR  OIL  AS  FIRED 
ULTIMATE  ANALYSIS 


HYDROGEN 


OXYGEN 


NITROGEN 


iBiu/lb 


B,u/lb  182.8 


18  enthalpy  OF  REHEATED  STEAM  R.  H.  INLET 

■  n  ENTHALPY  OF  REHEATEO  STEAM  R.  m 

_ OUTLET _ 

30  HEAT  ABS.'LB  OF  STEAM  (ITEM  16 -  ITEM  1  7 1 

21  HEAT  A  BS.  L  B  R.H.  STEAMHTEM  IS-iTEm  18) 

23  DRY  REFUSE  (ASH  PIT  •  FLY  ASM)  PER  LB 
AS  FIRED  FUEL 


Bio  PER  LB  IN  REFUSE  (WEIGHTED  A  vE  RAGE  )  ]8iw/lb 


CARBON  BURNED  PER  LB  AS  FIRED  FUEL 


DRY  GAS  PER  LB  as  FIRED  TUEL  BURNED 
7  HOURLY  QUANTITIES 
actual  WATER  EVAPORATED 
REHEaT  STEam  FLO* 

RATE  OF  FUEL  FIRING  (AS  FIRED  „.) 

TOTAL  HEAT  INPUT  (li.m  28  >  ''en-  41 ) 

I  000 

MEAT  OUTPUT  IN  BLOW  DOWN  WATER 

(Item  2  A "  lien*  201  •  (I  ten.  2  2  '  I  -e"  71*-  1  ’  - 
OUTPUT  1000 


FLUE  GAS  ANAL.  (BOILERKECON)  (AIR  MTR)  OUTLET 


SULPHUR 


ASM 


MOISTURE 


total 


COAL  PULVERIZATION 


GRINDABILITt 
INDE  X- 


CO 

ch. 

METHANE 

C,H, 

acetylene 

C,H. 

ethylene 

n 

X 

9 

ethane 

H,S 

TOTAL  HYDROGEN 

%  .i 


N/A  __ 

62 

N/A 

63 

atm  PRESS  N/A 


1221.2! 


F,NENEss2oor  |n/a  j 

d  1 _ [ 

i  N/A 

INPUT. OUTPUT 

ITEM  31  >  100  yn  , 

) 

E  FFIC16NCY  of  UNIT  % 

ITEM  J9 

a> 

c 

X 

er 

%ol  A  F 

HEAT  LOSS  EFFICIENCY 

A.  F.  FUFL 

FUEL 

HEaT  LOSS  DUE  TO  DRY  GaS 

1995.7 

10.8  _ 

HEAT  LOSS  DUE  TO  MOISTURE 

in  fuel  19.7 

_0.1  . 

HE  A  1  l  OSS  DUE  TO  M,0  F  ROM 

comb  of  h J  1247. 9 

6,7. 

ME  AT  l  OSS  DUE  TO  COMBUST 

IN  RE  FUSE  _ 

ME  A  T  t  OSS  DUE  TO  R  A Dt  A  T 1  ON  1 - 

1 .4 

UNMf  ASUPt  D  l  OS  St  s 

.  1  — 

3.0 

TOTAL 

22.0 

E  F  FICIF  NC  Y  noo  -  Item  71} 

N,  (BY  DIFFERENCE) 


E  XCESS  AIR 


Not  Rrowifrd  f  UicnDCy  T*%l«ng 
t  F  o»  Poioi  of  Mfasutimfni  S**  Po».  7.2.8.1-PTC  4.1-1964 


summary  sheet 


ASME  TEST  FORM 

FOR  ABBREVIATED  EFFICIENCY  TEST 


Owner  OF  plant _ y . s .  Coast  Guard 

test  conducted  by _  Seaworthy  Engine 

boiler  Bigelow  KS  20 

stoker  type  4  sue  N/A 

PUL.  (SIZER.  TYPE  4  Size  N/A 

f  UE  L  USEO  Oil  MINE  N/A 

PRESSURES  8.  TEMPERATURES 


STEAM  PRESSURE  in  BOILER  drum 

STEAM  PRESSURE  AT  S  H  OUTLET 
STEAM  PRESSURE  AT  r.  m  inlE  t 

STEAM  PRESSURE  at  R  H  OUTLET  _ _ 

STEAM  TEMPERATURE  AT  OUTLET 


steam  TEMPERATURE  AT  R  h  inlet 


_ POK  ABBREVIATED  EFFICIENCY  TEST  PTC  4.  l-o  ( 1964) 


Preliminary  Neat  Oil _ test  no  ^ _ boiler  no  3  date  8 / 1 4 / 80 

_ U.S.  Coast  Guard _ _ _  _  location  New  London.  CT _ ___ 

-  SeaworthyEngine  Systems  _ ..  or  TtSTMeasure  EffEriPnry  'On  3 

Bigelow  KS  20  rated  capacity  23,500  lbs/hr 


BURNER  SIZE(No)  109-78  (2) 
STATE  N/A  SIZE  AS  f  IREON/A 
FUEL  DATA 


STEamQUALITT %  MOISTURE 


AIR  TEMP.  AROUND  BOILER  (AMBIENT) 


TEMP  AIR  FOR  COMBUSTION 
(Thi*  it  Reference  TempeNlMie)  I 


TEMPERATURE  OF  FUEL 


CAS  TEMP.  LEAVING  (Boiler) 


14  CAS  TEMP.  ENTERING  AH  (II  condition*  1°  be 
correcrcd  »o  quoronlee)  _  _ 


UNIT  QUANTITIES 


ENTHALPY  OF  SAT.  LIQUID  (TOTAL  HEAT) 


16  ENTHALPY  OF  (SATURATED' 
STM 


ENTHALPY  OF  SAT.  FEED  TO  (BOILER) 


F  L  ASM  POIN  T  F  * 

Sp  GrowHy 

No  Dat 
0.9580 

VISCOSITY  at  ssu- 
BURNER 

158 

total  hydrogen  I 
% 

1 1 

iBtu/lb 


B'ozib  i34>8 


10  ENTHALPY  OF  REHEATED  steam  R.  H.  INLETlBiu.  lb 


enthalpy  of  reheateo  steam  r.  h 

outlet  Biv/lb 


20  HEAT  ABS.'LB  of  steam  (ITEM  16-ITEM  171 

21  HEAT  ABS.  LB  R.H.  steam  (ITEM  19-ITEM  Ig) 


2?  DRY  REFUSE  (ASH  PIT  •  FLY  ASHI  PER  LB 

AS  FIRED  FUEL  Ib/lb 


B»u  PER  LB  IN  REFUSE  (WEIGHTED  AVERAGE)  |Btw/lb 


Carbon  burned  per  lb  as  fired  fuel 

dry  GAS  PER  LB  AS  FIRED  ruEL  BURNED 
HOURLY  Quant  1  ties 
ACTUAL  water  EVAPORaTID 
REHEAT  STEam  FLOW 
Rate  OF  FUEL  FIRING  (AS  FIRE  J '  -i| 

29  TOT  AL  ME  A  T  INPU  T  (liern  28  *  'lei-i  41) 

100° 

30  MEAT  OUTPUT  IN  BLOW  DOwN  WATER 

TOTAL  ,,  ,  „ 


TOTAL 


Btu  per  lb  AS  FIRED 


ASH  SOFT  TEMP. 
ASTM  ME  THOD 


COAL  OR  OIL  AS  FIRED 
ULTIMATE  ANALYSIS 


CARBON 


HYDROGEN 


OXYGEN 


NITROGEN 


SULPHUR 


ASH 


MOISTURE 


TOTAL 


COAL  PULVEfclZATION 


grindability 

INDEX- 


FINENESS  %  T  H  R  U 

50  M* 


FINENESS  %  THRU 
200  M- 


85.71 


co 


ch.  methane  N/A 


N/A 


C j  H,  ETHYLENE  N/A 


C,M.  ETHANE 


H,S 


N/A 


h,  hydrogen  I  n/a 


TOTAL  HYDROGEN 

%  wl 


62  DENSITY  68  F 

ATM  PRESS  N/A 


INPUT* OUTPUT 

ITEM  31 

EFFICIENCY  OF  UNIT  % 

ITEM 

0.8571 


HEAT  LOSS  EFFICIENCY 


MEAT  LOSS  DUE  TO  DRY  GAS  -2253^.1 

HEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL  2CL*1 

67  HEAT  LOSS  DUE  TO  H,0  FROM  COMB  OF  H,  1276.1 

68  HE? A  T  LOSS  DUE  TO  COMBUST  inr"efuSE_ _ 

69  HEAT  LOSS  DUE  TO  RADIATION  - 

70  UNM(  ASURED  L  OSSES  - 

71  TOTAL 


72  EFFICIENCY  -  (100  -  Iren.  71) 


Jl  MEAT 


?0  *  '(I  IF"!  ?’  'I'P"  ?l  »  *  •■P'T' 


OUTPUT  1000 


FLUE  CAS  ANAL.  (BOILERMECONJ  (AIR  MTR)  OUTLET 


CO. 

o, 


CO 


N,  (BY  DIFFERENCE) 


EXCESS  AIR 


!0.4 

.7.7. 

■  JQ.H1. 


*  Not  Reqviifrf  for  E  llitifnty  Tttling 

I  For  Point  o f  Sm  Po*.  L2.B.I-PTC  4.1*1964 


SUMMARY  SHEET 


ASME  TEST  FORM 

FOR  ABBREVIATED  EFFICIENCY  TEST 


PTC  4.1-0(1964) 


Owner  Of  PLANT _ y . S .  Coast  Guard 

' f$T  conduc  teo  by _ Se  a  wo  r  t  hv  Engine 

HOILER  «*JKE  &  TYPE  Bigelow  KS  20 

stoke  r  type  &  size  N/A 

pul  •  f  Ri  z  E  R.  type  &  size  N/A 

FUEL  USED _ Oil _ MINE _ N/A 

PRESSURES  &  TEMPERATURES 


steam  pressure  in  boiler  orum 


U.S.  Coast  Guard  _ .. _ location  New  London.  CT _ 

SeawprthyJEnjtine  Systems  objective  or  TESTMpagllro  Effjr<anry  duration  2  hr 

Bigelow  KS  .  20  . rateo  capacity  28,500  lbs/h7 

N/A 

N/A  _ _ _ _  0U(,NEW»  S1ZE( No.)  125-89  (2) 

_ MIN£  N/A _ county  n/A _ _  state  n/a  size  as  firedn/a 

MPERaTURES  "  FUEL  DATA  ■  “ 


steam  pressure  at  S  m  OutlFI 
STEam  pressure  at  R.  H.  INLE  t 

s t E_am  pre ssuRE  a t_r_h  Out l f  i _ 

STEAM  TEMPERATURE  AT  outlet 


steam  TEMPERATURE  AT  R  h  INLET 


steam  TEMPERATURE  AT  R  h  outlet 


water  TEmP.  ENTERING  (BOILER 


STE  AM  QUALITY  %  MOISTURE 


AIR  TEMP.  AROUND  BOILER  (AMBIENT) 


TEMP  AIR  FOR  COMBUSTION 
(This  is  Reference  Temperature)  I 


TEMPERATURE  OF  FUEL 


CAS  TEMP.  LEA  VINO  (Bo.  ler) 


M  GAS  TEMP.  ENTERING  AH  (II  cond.t.ons  to  be 


OIL 

riA$M  POINT  F  • 

No  D atf 

Sp.  G'Ovity 

0.9580 

VISCOSITY  AT  SSU- 

BURNER 

294 

TOTAL  HYDROGEN 
%  *•» 


corrected  to  guarantee) _ _ 


UNIT  QUANTITIES 


ENTHALPY  OF  SAT.  LIQUIO  (TOTAL  HE  AT)  |8tu  Ik 


ENTHALPY  OF (SATURATED 
STM 


ENTHALPY  OF  SAT.  FEED  TO  (BOILER) 


TOTAL 


Btw  per  lb  AS  FIRED 


ASH  SOFT  TEMP 
ASTM  ME  THOD 


COAL  OR  OIL  AS  FIRED 

ultimate  analysis 


CARBON 


hydrogen 


oxygen 


11.26 


18548 


18 _ ENTHALPY  OF  REHEATED  STEAM  R_H._INL  E_T 

.0  ENTHALPY  OF  REHEATED  STEAM  R.  H 
OUTLET 


JO  |  HEAT  A8S.  LB  OF  STEAM  (ITEM  I:  -  ITEM  l!i 

HEAT  ABS.  LB  R.H.  STE  AM  (ITEM  19-ITEm  18) 

DRY  REFUSE  (ASH  PIT  •  FLY  ASH)  PER  LB 

AS  FIRED  fuel _ _ _ 

8t«  PER  LB  IN  REFUSE  (WEIGHTED  A  vE  RAGE )  |Btu/lb 


ASH 


MOISTURE 


TOTAL 


COAL  PULVEblZATION 


GRINDABItITY 

INDE  X _ jS 

FINENESS  %  THRU 

50  M-  U 

FINENESS  %  THRU 
_ _ ZOOM- 

input. output 


total  hydrogen 

%  »t 


62  DENSITY  68  F 

j  ATM  PRESS.  N/A 


63  Btu  PER  CU 
41  Btu  PER  LB 

ITEM  31  .  100 


FT _ j  j  N/A 

_ 1  N/A 


CARBON 

BURNED 

PER  LB  A 

.S  FIRI 

ED  FUEL 

DRY  GAS 

PER  LB 

AS  FIRED 

rut  i 

BURN  f D 

HOURLY 

QUANTI' 

TIES 

ACTUAL 

WATER  e 

vaPORa  7 

i  d 

REHE  a  T 

steam  F 

LOW 

rate  of 

FUEL  FI 

RING  (AS 

FIRE  (• 

total  heat  input 

?fl  *  1 

irn  4J  ) 

100P 

MEAT  OUTPUT  IN 

BLOw  DOWN  w  a 

T  E  » 

T0TALI„ 

meat 

flit  Ilf" 

t  70  *  •  (1  lent 

71  ,  .  IlFH, 

OUTPUT 

1000 

HEAT  LOSS  EFFICIENCY 

Btu/lb 

A.  F.  FUEL 

m 

HEAT  LOSS  DUE  TO  DRY  CaS 

1791.4 

i 

HEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL 

E&Cllp 

□ 

HEAT  LOSS  DUE  TO  H,0  FROM  COMB  OFH, 

68 

HEAT  LOSS  DUE  TO  COMBUST  IN  REFUSE 

69 

HEAT  LOSS  DUE  TO  RADIATION 

— 

70 

UNMf  ASURED  l  OSSES 

— 

71 

TOTAL 

72 

E  F  F1C1E  NC  Y  -  (100  -  hem  71) 

34  CO 


N,  (BY  DIFFERENCE) 


E  XCESS  AIR 


*  No*  Required  for  F  llic*nc»  Ttiiing 

1  F  ot  Pomt  of  Me  a  luURttn »  See  Por.  ?,2.8.l*PtC  4.1*1964 


Neat  Oil 


OWNER  Of  plant _ U.S.  Coast  Guard  _ _ 

J 1. conducted  by _ Se a wo r t hy  Engine  Sy sterns. 

BOILER  make  4_TYPE  Bigelow  KS  20 

STOKER  TYPE  &  SIZE  N/A 

PUL  •  C  RIZER.  type  a  MZt  N/A 

EUEL  USED _ Oil _ MINE _ N/A _ 


PRESSURES  &  TEMPERATURES 


steam  PRESSURE  IN  BOILER  ORUm 


_ TEST  NO  8 _  BOILER  NO  3  DATE  8/15/80 


location  New  London.  CT  _ 

OBJECTIVE  OE  TEST^easi[rp  KffSripnry  PURaTiOn  2  HR. 

_  fiATE0  CaPaCITV  28,500  lbs/hr 


COUNTY  N/A 


steam  pressure  at  s  h  Oijtle  : 
STEAM  pressure  at  r  M  INLE  I 

steam  pressure  at  r.  m  qutle  t  _ 

STEAM  TEMPERATURE  at  OUTLET 


STEAM  TEMPERATURE  AT  R  M  INLET 


STEAM  TEMPERATURE  AT  R  M  OUTLET 


P”°J  101.7 

N/A. 
N/A 

N/A 

324.2 


WATER  temp  entering 


(BOILER 


STEAMOUALITYT.  moisture 


AIR  TEMP.  AROUND  BOILER  (AMBIENT)  . 

"7J  TEMP  AIR  FOR  COMBUSTION 

_ (Tbit  i %  Rllttmtl  T.wmioImi.)  I _ F  _ 

12  TEMPERATURE  OF  FUEL  _ F 

13  GAS  TEMP.  LEAVING  (Boil..) _ F 

■  4  GAS  TEMP.  ENTERING  AH  (II  caA<Htia*t  io  b« 

(«ii«ciN  to  auaraataa) _  F 

UNIT  QUANTITIES 


ENTHALPY  OF  SAT.  LIQUIQ  (TOTAL  HEAT)  Biu/lfc 


183.5 


86.1 

162.2 

571.2 

N/A 


ASH 


total 


Bin  aar  lb  AS  FIRED 


ASH  SOFT  TEMP.- 
ASTM  METHOD 


COAL  OR  OIL  AS  FIRED 
ULTIMATE  ANALYSIS 


BURNER  SlZE(No)  125-89  (2) 

STATE  _ SIZ  E  AS  EIRE  D  N  /A 


FUEL  DATA 


5iI_r,i.AiMpfiNJ  F;  .  No  Dat 

52  Sp  Gravity  0.9580 

VISCOSITY  AT  ssu-  „  .  _ 

53  BURNER _  267 

TOTAL  HYOROGEN  I  .  .  ' 

%  .i 


18548 


16  ENTHALPY  OFISATURaTEO 
STM. 


ENTHALPY  OF  SAT.  FEED  TO  (BOILER) 


[Biu/lb 


Btu/ib  151.5 


ENTHALPY  OF  REHEATED  STEam  R.h.  iNLETlBiu.  lb 


ia  ENTHALPY  OF  REHEATED  STEam  R.  h 

outlet  Biri'lb 


20  HEAT  ABS.'LB  OF  STEAM  (ITEM  16  -  ITEM  17>  Bin  lb 


21  HEAT  ABS.'LB  r.h.  STEAM(ITEM  19-ITEm  181  Brn/lb 


22  DRY  REFUSE  (ASH  PIT  •  FLY  ASH)  PER  LB 

AS  FIRED  FUEL  lb/lb  N/A 


Bt«  PER  LB  IN  REFUSE  (WEIGHTEO  A  VE  R ACE  )  ]Bta/lb  N/A 


CARBON  BURNED  PER  LB  AS  FIREO  FUEL  lb/lb 


ORY  GAS  PER  LB  AS  FIREO  ruEL  BURNED  [  lb/lb 
HOURLY  OuTNm.ES 
ACTUAL  WATER  EVAPORATED 
pTm F aTwITm  FLOW 
RATE  OF  FUEL  FIRING  (AS  FIRED  -r) 

29  TOTAL  HEAT  INPUT  f!> 

_ _ _  _ 1000 

JO  HEAT  OUTPUT  IN  BLOW  DOWN  WATER  _  __  l_B/br 

lltaa.  26- Haw.  20l.(li.a.  2>'tr,,.  . . . .  JC  It  n  Kr 

J  [output .  1000  (28797 

FLUE  CAS  AHAL.  (BOIL £ R)(E CON)  (AIR  HTR)  OUTLET 


CARBON 

85.71 

HYDROGEN 

11.26 

OXYGEN 

2.22 

NITROGEN 

0.37 

iM£19U 

0.41 

ASH 

0.028 

MOISTURE 

nq» 

total 

ifi 

COAL  PULVEfclZATION 

GRINDABILITY 

INDEX* 

N/A 

FINENESS  %  THRU 

50  M- 

N/A 

FINENESS  %  THRU 
200  M- 

N/A 

CO 

CH. 

METHANE 

C.H, 

acetylene 

C,H. 

ETHYLENE 

Cy  H. 

ETHANE 

TOTAL  HYOROGEN 

%  wt 

N/A 

DENSITY  68  F 

S  N/A 

ATM  PRES 

Bm  PER  CU  FT 

N/A 

Bt„  PER  LB 

l_N/A _ 

INPUT. OUTPUT 
EFFICIENCY  OF  UNIT  % 


ITEM  31  ■  100 
ITEM  ?9 


6»u/tb  %  ol  A.  F, 

A.  F.  FUEL  FUEL 


HEAT  LOSS  EFFICIENCY 


HEAT  LOSS  DUE  TO  ORY  GAS 


HEAT  LOSS  OUE  TO  MOISTURE  IN  FUEL 


HEAT  LOSS  OUE  TO  H,0  FROM  COMB  OF  M 


HEAT  LOSS  DUE  TO  COMBUST  IN  REFUSE 


HEAT  LOSS  OUE  TO  RADIATION 

70  I  UNMEASURED  LOSSES 

71  I  TOTAL 
EFFICIENCY  -  (100  -  Item  71) 


12 

CO, 

VOL 

12.9 

33 

0, 

%  VOL 

4.J.  . 

34 

CO 

%  VOL 

.  0..OI- 

35 

N,  (BY  DIFFERENCE) 

X  VOL 

82.9 

3* 

EXCESS  AIR 

% 

-21*2- 

*  Not  Required  f©»  Efficiency  Tt»ii«g 

t  Fot  Point  of  See  P©».  7.2.8.I*PTC  4.|a|964 


SUMMARY  SHEET 


owner  oe  plant 

TEST  CONDUCTED  BY 


ASME  TEST  FORM 

FOR  ABBREVIATED  EFFICIENCY  TEST  PTC  4.  l-0  ( 1964) 


_ Pre  Long  Term  Neat  Oil _ _ test  no  \ _ boiler  no.  3  date  9/9/ 80 

_ U.S.  Coast  Guard  _ _ .  .  location  New  London.  CT _ 

. ._Seawprthy_JEngine.  Systems  objective  or  TESTMpaglirA  duration  ^  HR 

Bigelow  KS  20  _RAT?E  CArACI.TY  28 , 500  lbs/hr 


oo.Lt  r  make  B  TYPt  Bigelow  KS  .  20 

•=  to*  f  »  r y pe  a  si2f  N/A 

*’UL  .  C  »1  ZC9.  TYPE  A  SIZE  N/A 

fuel  used  Oil _  MiN£  N/A 

PRESSURES  &  TEMPERATURES 


steam  PRESSURE  in  BOILER  drum 

steam  PRESSURE  at  S  h  OcjTLF  : 
steam  PRESSURE  at  R  H  INLE  I 

k.LEJA“J>?i.l5VJE  a Outle  t 

steam  temperature  at  outlet 


steam  temperature  at  r  m  inlet 


steam  temperature  at  r.h.  outlet 


burner  Sl£E( No.)  116-82  (2) 

state  n/A  as  eireon/a 

FUEL  DATA 


8  I  WATER  TEMP.  ENTERING 


(BOILER 


steam  ouality%  moisture 


AIR  TEMP.  AROUND  BOILER  (AMBIENT) 


TEMP  AIR  FOR  COMBUSTION 
(Tbi*  is  Rtlt/sncr  TsmMfSIu'f)  T 


TEMPERATURE  OF  FUEL 


GAS  TEMP.  LEAVING  (Bo.I.r) 


GAS  TEMP.  ENTERING  AH  (II  condition s  <o  bo 
corroctod  to  oyotontoo) 


UNIT  QUANTITIES 


ENTHALPY  OF  SAT.  LIQUID  (TOTAL  HEAT) 


ENTHALPY  OFISATURATED 

STM.  Bto/lb 


ENTHALPY  OF  SAT.  FEED  TO  (BOILER) 


Btv/lb 


8 _ ENTHALPY  OF  REHEATED  steam  R.H.  INLETIbio.  lb  I  N/A 

ENTHALPY  OF  reheated  steam  r.  h 
OUTLET 


20  HEAT  ABS.'LB  OF  STEAM  (ITEM  IE  -  ITEM  12) 

21  HEAT  ABS.LB  R.h.  STEAMIITEm  19-ITEm  »  B)|bow.-  lb 


DRY  REFUSE  (ASH  PIT  •  FLY  ASM)  PER  LB 

AS  FIRED  FUEL  _  lb/lb 


Biu  PER  LB  IN  REFUSE  (WEIGHTED  A  VE  RAGE  )  Btv/lb 


Carbon  burned  per  lb  as  fired  fuel  ib/ib 


DRY  Gas  PER  LB  AS  FIRED  ru€L  BURNED  |  lb/lb 

houRlyquantTtTes 
actual  water  evaporated 

REHEAT  STEam  FLO* 

PATE  OF  FUEL  FIRING  (AS  FIRED  -.) 

tOTaL  HEAT  INPUT  *  ,'*r’  4.' • 

_  1000 

JO  I  MEAT  OUTPUT  IN  BLOW  DOWN  WATER  IkB.h-  I  m/a 


OIL 

FLASH  POINT  F  ■ 

Sp.  Gravity 

).9567 

VISCOSITY  AT  SSU- 
BURNER 

208 

nEMBiBflNfl 

11.31 

|  Btu  per  lb 

18481 

GAS 

%  VOL 

CO 

mi 

CH.  METHANE 

N/A 

c,h,  acetylene 

N/A 

C,H.  ETHYLENE 


C,H,  ETHANE 


HYDROGEN 


TOTAL 


TOTAL  hydrogen  n/a 


DENSITY  68  F 

atm.  PRESS.  N/A 


I  CU  FT _ 


8  tv  PER  CU  FT _ 

Biu  PER  LB 


INPUT. OUTPUT  ITEM  31  •  100 

EFFICIENCY  OF  UNIT  %  ITEM  J9  79. 


Btw/fb 
A.  F.  FUEL 


1337.1 


66  [HEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL 

6 7  HEAT  LOSS  DUE  TO  H,0  FROM  COMB  OF  H, 

68  HEaTLOsYdIiT TO  COMBUST  bTrE  FUSE  |  ___ 

69  HEAT  LOSS  DUE  TO  RADIATION  P _ 

UNMEASURED  LOSSES  _ | - 

'total 

EFFICIENCY  -  (100  -  Item  21) 


((  ^  y  ^  (Item  26  •  llcrti  201 .  ( 1  Inn.  7  7 -I  In"  7ll,i'nitiJG  h  ll  I-, 

OUTPUT _ 1000 _ 1 

FLUE  GAS  ANAL.  (BOILERMECON)  (AIR  HTR)  OUTLET 


N/A 

10461.' 


32  CO,_  ____ 

33  jjj _ 

3«  CO 

»  N,  (BY  difference')' 

36  EXCESS  AIR 


1V°L  11,8 
%  VOL 

o.oi 

*  VOL  82.7 
* _ 32.5, 


'  Net  Requited  lor  Efficiency  Titling 

t  Fot  Point  ol  Meqtuientenl  So*  Pot.  7,?.$.I*PTC  4. 1.1964 
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A.SME  TEST  FORM 

SUMMARY  SHEET _ FOR  ABBREVIATED  EFFICIENCY  TEST  PTC  4.  |.0  ( 1964) 

Test  Series ! _ Pre  Long  Term  Neat  Oil _  test  ho _ 2 _ boiler  no.  3  date  9/10/80 

owner  of  plant _ _ _ U . S ,  Coast  Guard _ _ _ location  New  London.  CT _ 

_,EJ T  CONDUCTED  BY _ _Se awor thy_Eng.lne.  Sys.E ms. objective  or  TESTMea8ure  Eff<r<enry  DuBAT '?n 5 .5  hr, 

B0aER_NAKE  b^type  Bigelow  KS  20  RATE°  CaPaCi.tt  28,500  lbs/hr 

STOKER  TYPE  4  SIZE  N/A 


pul.cbizer.  TYPE  4  MZt  N/A  _  0URNEW>  STM(Nq)  116-82  0 

FUEL  USED  Oil _ M|NE  N/A _ COUNTY  N/A _ STATE  N/A  >IZE  AS  F|WEO  N  /A 

PRESSURES  A  TEMPERATURES  FUEL  DATA 


B 

STEAM  PRESSURE  IN  OOILER  drum 

ps>o 

101.4 

COAL  AS  FIRED 
PROX.  ANALYSIS 

%  wt 

OIL 

■ 

steam  pressure  at  s  m  oijtli  : 

P  M  O 

N/A 

37 

MOISTURE 

.U/A-. 

S) 

FLASH 

POINT  f 

|No  Dati 
D.9567 

3 

STEAM  pre  ssure  at  R.  M  ini  e  t 

PS'O 

N/A 

38 

VOL  MATTER 

n/a. 

52 

Sp-  G'o 

Fify 

J 

STEAM  PRESSURE  at  R  H  OUTLET 

-EJLli* _ 

N/A 

39 

FIXEO  CARBON 

N/A 

S3 

VISCOSITY  AT  SSU* 
BURNER 

210 

5 

STEAM  TEMPERATURE  AT  OUTLET 

F 

328.0 

HI 

ASH 

-N/A. 

H 

11.31 

6 

STEAM  TEMPERATURE  AT  R  M  INLET 

F 

N/A 

TOTAL J 

m 

B*w  pe 

lb 

18481 

7 

F 

N/A 

n 

6*tr  per  lb  AS  FIRED 

B 

water  TEMP  ENTERING  (BOILER) 

m 

218.4 

■ 

ASH  soft  temp 

ASTM  METHOD 

mm 

CAS 

%  VOL 

mm 

■■ 

0.45 

COAL  OR  OIL  AS  FIREO 

W 

STEAMOUALITYt.  moisture 

KB 

ULTIMATE  ANALYSIS 

S4 

CO 

m 

AIR  TEMP.  AROUNO  BOILER  (AMBIENT) 

F 

AS _ 

B 

CARBON 

86.41 

o 

CH,  METHANE 

N/A 

L" 

TEMP  AIR  FOR  COMBUSTION 
( Thil  i»  Reference  Tempero«w»e)  ! 

Hi 

an.  7 

44 

HYDROGEN 

11.31 

m 

Cj  H,  ACETYLENE 

N/A 

m 

TEMPERATURE  OF  FUEL 

F 

16R.? 

Q 

OXYGEN 

0.25 

O 

C,H.  ETHYLENE 

im 

ra 

CAS  TEMP.  LEAVING  (Bo. 1..) 

F 

383.0 

PI 

NITROGEN 

0.35 

PI 

n/a  i 

Li. 

CAS  TEMP.  ENTERING  AM  (If  cond.*io«»  to  be 

corrected  to  Quorontee) 

F 

wm 

IB 

mm 

Ki 

H,s 

if mm 

UNIT  QUANTITIES 

D 

ASH 

0.031 

m 

CO, 

N/A 

m 

ENTHALPY  OF  SAT.  LIOUTO  (TOTAL  HEAT) 

ra 

MOISTURE 

1.2 

m 

H* 

HYDROGEN 

17—1 

,6_. 

ENTHALPY  0  F  (SA  TUR  A  T  E  0‘ 

STM. 

Bfu/lb 

TOTAL 

total 

mm 

B 

enthalpy  of  sat.  feeo  to  iboileri 

Btv/lb 

186.4 

COAL  PUL  V  Eh  IZ  AT  ION 

■ 

TOTAL  HYDROGEN 

%  w» 

N/A 

i 

enthalpy  OF  REHEATED  steam  R.H.  inlet 

nn 

N/A 

48 

GRINDABILITY 

INDE  X  * 

BH 

5 

DENSITY  68  F  ,  i 

ATM  PRESS.  N/A  1 

19 

enthalpy  OF  REHEATEO  steam  R.  m 
outlet 

HI 

N/A 

49 

FINENESS  %  THRU 

SO  M- 

N/A 

m 

Biw  PER  CU  FT 

N/A 

20 

meat  ABS.'LB  OF  steam  (item  U-ITEm  17) 

B.»  lb 

^21aQ. 

i 

FINENESS  %  THRU 
200  M- 

N/A 

Biv  PER  LB 

_ 

N/A 

21 

MEAT  ABS.LB  R.H.  STEAMOTEm  19-ITEm  181 

8tw/  lb 

N/A 

a 

INPUT. OU  T  PUT 

EFFICIENCY  OF  UNIT  % 

ITEM  31  -  100 

ITEM  29  78. 

6 

22 

DRY  REFUSE  (ASM  PIT  •  FLY  ASM)  PER  LB 

AS  FIRED  FUEL 

lb/ lb 

N/A 

HEAT  LOSS  EFFICIENCY 

Bfw/lb 

A.  F.  FUEL 

X  .1  A.  F 
FUEL 

23 

8*o  PER  LB  IN  REFUSE  (WEIGHTED  AVERAGE) 

Biu/lb 

N/A 

6S 

MEAT  LOSS  DUE  TO  DRY  GAS 

1267.6 

6.9 

24 

Carbon  burned  per  lb  as  fireo  fuel 

Ib/lb 

D .  86.41 

66 

MEAT  LOSS  DUE  TO  MOISTURE 

IN  FUEL 

14.2 

0.1 

25 

DRY  GAS  PER  LB  AS  FIREO  TUEL  BURNED 

Ib.'lb 

-17^4  . 

67 

MEAT  LOSS  OUF  TO  M,0  FROM  COMB  OF  M, 

1206.9 

.  6^.5.. 

HOURLY  QUANTITIES 

68 

MEAT  LOSS  due  to  combust 

IN  REFUSE 

„ _ 1_l 

actual  water  CVAPORATEO 

lb  h. 

69 

MEAT  LOSS  DUE  TO  RAOUTlON 

- * 

2^5--- 

27  1 

REHEAT  STEam  FLOW 

m 

N/A 

70 

unmeasured  losses 

— 

.-IwQ ... 

28 

rate  of  fuel  firing  (as  fired  -•) 

Ib/K. 

692.8 

71 

total 

29 

total  heat  input  ,,rr’  4I) 

1000 

12804.1 

72 

EFFICIENCY  -  (100 

Item  71) 

81.0 

30 

MEAT  OUTPUT  in  BLOW  OOwn  water 

h  fl/lif 

N/A  . 

M 

(1**1"  4^*lt(m  ?Ot*(llen<  ?7  •!»*•»  ?  1  *  •  I'M'  3C 
OUTPUT  1000 

hi)  Ut 

10058.9 

FLUE  CAS  ANAL.  (BOILERMECON)  (AIR  NT R)  OUTLET 

32 

CO, 

^  VOL 

12.5 

33 

0. 

%  VOL 

4,5  .  . 

34 

CO 

%  VOL 

0.00 

3S 

N,  (BY  DIFFERENCE) 

%  VOL 

83.0 

36 

EXCESS  AIR 

% 

25x1.. 

Fer  of  MaBtuiarntnl  See  P« 

..  7.2.8.1-PTC  4.1-1964 
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SUMMARY  SHEET 


ASME  TEST  FORM 

FOR  ABBREVIATED  EFFICIENCY  TEST 


Test  Series: _ Pre  Long  Is. 

owncwof  plant _ y .  § ,_.Cpast_j 

'El  T  CONDUC  ted  BY _ Se  a  wo  r  t  hy_E 

boiler  make  &  type  Bigelow  KS 

S  T  OK Eff  TYPE  &  S 1  Z  F  N/A 

Pul  .  t  sizes.  T  rPf  A  SIZE  N/A 

EUEL  USE  0 _ Oil _ MINE 

PRESSURES  &  TEMPERATURES 


STEAM  PSESSUSE  IN  OOILES  DRUM 

STEam  PRESSURE  at  s  h  OtJTLf  : 

STEAM  PRESSURE  at  r  h  inle  t 

S  T  E_A  M  P  R  E  S  Su  R  E  a  TRHO  u  U  f  T  _ 

STEAM  TEMPERATURE  AT  OUTLET 


STEAM  TEMPERATURE  aT  R  m  INLET 


STEAM  TEMPERATURE  AT  R  H  OUTLET 


l-UK  ABBREVIATED  EFFICIENCY  TEST  PTC  4.1-0(1964) 


Pre  Long  Term  Neat  Oil _ test  no  ^ _ boiler  no  3  date  9/10/80 

_ U -_S .  Coast  Guard _ _ .  _  location  New  London.  CT _ 

Seaworthy  Engine  Systems  objective  of  TESTMpacllr(>  pff<r^anry  duration  4 

Bigelow  KS  20  .  RA.IE?  caPaCITy  28,500  lbs/hr 

N/A 

N/A  . .  .  .  nuRNtH,  StZE< No) 116-82  (2) 

MINE  N/A  COUNTY  n/A  state  n/A  size  as  fihedn/A 


fluRNtH,  StZE<No)  116-82  (2) 

TE  N/A  SIZE  AS  FIHEDN/A 


N/, 

FUEL  DATA 


WATER  temp  ENTERING 


(BOILER 


STEAM  OL/AUTr  %  MOISTURE 


AIR  TEMP  AROUND  BOILER  (AMBIENT) 


TEMP  AIR  FOR  COMBUSTION 
(This  11  Reference  Temoeroture)  1 


TEMPERATURE  OF  FUEL 


GAS  TEMP.  LEAVING  (Bo. ler) 


1  j  ga$  temp,  entering  am  (ii  conditions  ■©  be 

corrected  to  auo.entee) 


UNIT  QUANTITIES 


ENTHALPY  OF  SAT.  LIQUID  (TOTAL  HE  AT)  [Biu'lb  1299.3 


COAL  AS  FIRED 
PROX.  ANALYSIS 

mOIStURE 

VOL  MATTER 

FIXj^D  GABOON 

ASH _ 

total 


B>u  per  lb  AS  FIRED 


ASH  SOFT  TEMP.* 
ASTM  ME  THOD 


rLASH  POINT  f 

Sp.  Gravity 


VISCOSITY  AT  ssu 
BURNER 


TOTAL  HYDROGEN 


No  Pat 


18481 


CO 

CM. 

methane 

C>  M, 

ACETYLENE 

C,H. 

ETHYLENE 

C,M. 

E  THANE 

H,S 

ASH 


MOISTURE 


0.031 


1.2 


16  ENTHALPY  OF  (SATURATED 
STM. 


ENTHALPY  OF  SAT.  FEED  TO  (BOI  LE  R| 


IBiu/lb  [1183. 


8tw/lb 


total 


COAL  PULVERIZATION 


18 _ ENTHALPY  OF  REHEATED  STEam  R,  h.  INLET 

}9  ENTHALPY  of  REHEATED  steam  R.  h 

_ OUTLET _ _ _ 

20  HEAT  ABS-  LB  OF  STEAM  (ITEM  IJ-  -  ITEM  i  7» 

HEAT  aBSLB  R.H  STEAM  (ITEM  19-ITEm  18) 

27  ORY  REFUSE  (A$H  PIT  ♦  FLY  ASH)  PER  LB 
AS  FIRED  FUEL 


B»u  PER  LB  IN  REFUSE  (WEIGHTED  AVE  PAGE)  |Bt„/lb 


CARBON  BURNED  PER  LB  AS  FIRED  FUEL 
DRY  GAS  PER  LB  AS  FIRED  r  UE  l  BURNED 
HOURLY  QUANTITIES 
ACTUAL  WATER  EVAPOPAMi) 

REHEAT  STEam  Flow 

RATE  OF  FUEL  FIRING  (AS  FlRFL  ~t) 

TOTAL  HEAT  INPUT  (Hem  2fl  *  »»er->  Jl) 
>000 

MEAT  OUTPUT  IN  fU  0»  DOWN  »A  t  F  R 

J  ^  1 1  ten'  .7. .  It, ...  ZC*  •(!*.»'■  Z/ '  I*.  ■  .1 
OUTPUT  1000 


FLUf  CAS  ANAL,  (BOIL  £  WMF  CON)  (AIR  HTR)  OUTLE  T 


3?  CO.. 

33  I  p] 

CO  . 

N,  (8Y  OlFFERf  NCf  I 


excess  air 


H,  HYOROCEN 


total 


TOTAL  HYDROGEN 

%  wl 


62  DENSITY  68  F 

ATM.  PRESS.  N/A 


63  B.u  PER  CU  FT 


HEAT  LOSS  DUE  TO  DRY  GAS  1  23  L,  7 

HEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL  14,0 
HI  AT  LOS'.  DUE  TO  H,0  FROM  COMB  OF  H,  j  ^g 
(,8  Hf  at  l  OSS  DUE  TO  COMBUST  in  RE  FUSE 
69  Ml  A  T  I  OSS  DUE  TO  RADIATION 
JO  UNMf  ASUP(  0  l  OSSt  S 
TOTAL 

(  F  FICIE  NCY  HOC  -  li.rn  Jl) 


F  II.  c  >,ncy  T,  »l.ng 

lu.tmcnl  S*.  Po».  J.2  8.1‘PTC  4.1*1964 


A.SME  TEST  FORM 

SUMMARY  SHEET  FOR  ABBREVIATED  EFFICIENCY  TEST  PTC  4.  l-o  (1964) 

I  Teat  Sarte«8  Pre  Lon8  Term  Neat  Oil  test  ho  4  BOIL t a  no  3  date  9/n,80~ 


owNta  Of  PLANT _ U.S.  Coast  Guard _ . _  loc-tion  New  London.  CT 


[  test  conducted  by  Seaworthy  En&ine  Systems 

OBJECTIVE  OF  TESTM-m.„r. 

EfficiA-nrv  DURATION  4  ur| 

boiler  make  &  type  Bigelow  KS  20 

rated  capacity ^0  jqq 

lbs /hr 

STOKER  TYPE  &  SIZE  N/A 

pul 

.  t  SIZER.  TYPE  &  SIZE  N/A 

bu rn t w,  SIZE(No) 1 1 6 

-82  (2) 

1  FUEL  USEO  Oil  MINE 

N/A 

COUNTY  N/A 

STATE 

N/A 

SIZE  AS  MREON/A  1 

PRESSURES  &  TEMPERATURES 

FUEL 

DATA 

1 

steam  pressure  IN  BOILER  drum 

pt  >o 

100.5 

COAL  AS  FIRED 
PROX.  ANALYSIS 

%  Wt 

OIL 

2 

steam  pressure  AT  S.  M  OUTLf  T 

P  Si  O 

N/A 

37 

MOlS’URE 

N/A 

SI 

FLASH 

POINT  F  * 

No  Oat z 

0.9567 

3 

STEAM  PRESSURE  AT  R.  H.  INLE  T 

PS'O 

N/A 

38 

VOL  MATTER 

.N/A. 

52 

Sp.  G»o 

irity 

4 

steam  pressure  at  r.  m.  outle  t 

PSIO 

N/A 

39 

FIXED  CARBON 

N/A 

S3 

VISCOSITT  at  SSU* 
BURNER 

244 

5 

steam  TEMPERATURE  at  outlet 

F 

327.2 

40 

ash 

N/A 

H 

11.31 

55 

steam  temperature  at  r  h  inlet 

F 

_N/A 

TOTAL 

n 

Bto  pet 

lb 

18481 

B 

steam  TEMPERATURE  AT  r.m. outlet 

F 

N/A 

n 

Bin  m,  lb  AS  FIRED 

177V 

m 

151 

218.3 

m 

ASH  SOFT  TEMP.- 
ASTM  METHOD 

mm 

CAS 

r.  vol 

■i 

m 

0.35 

COAL  OR  OIL  AS  FIRED 

■■ 

steam  quality?;  moisture 

ultimate  ANALYSIS 

54 

CO 

Ea 

AIR  TEMP.  AROUND  BOILER  (AMBIENT) 

wm 

87 

Q 

CARBON 

86.41 

El 

CM.  METHANE 

N/A 

L"_ 

TEMP  AIR  FOR  COMBUSTION 
(Thi*  it  Rflcrenc*  Tomp*»otv»o)  1 

m 

81.5 

44 

hydrogen 

m 

C,H,  ACETYLENE 

N/A 

m 

TEMPERATURE  of  FUEL 

F 

164.2 

□ 

OXYGEN 

BBS 

m 

C,  H.  ETHYLENE 

N/A 

wm 

CAS  TEMP. LEAVING  (8®iU>) 

F 

352.9 

NITROGEN 

0.35 

pi 

1 

N/A 

F 

N/A 

47 

0.45 

K! 

M.S 

wm\ 

UNIT  QUANTITIES 

m 

ASH 

BBT1 

E9 

CO, 

EK05 

m 

ENTHALPY  OF  SAT.  LIQUID  (TOTAL  MEAT) 

SETS 

/9&x£._ 

E9 

MOISTURE 

1.2 

PI 

H, 

HYDROGEN 

1 

N/A 

16 

ENTHALPY  OF(SATURATED 

STM 

Biu/lb 

1184.1 

TOTAL 

TOTAL 

17 

ENTHALPY  OF  SAT.  FEED  TO  (BOILER) 

Btw/lb 

COAL  PULVERIZATION 

TOTAL  HYOROGEN 

%  wl 

N/A 

18 

enthalpy  of  reheateo  steam  r.h.  inlet 

B to,  1  b 

N/A 

48 

grindability 

INDEX* 

WM 

62 

OENSITY  68  F  M  ,  1 

ATM.  PRESS  N/A  | 

19 

ENTHALPY  OF  REHEATEO  STEAM  R.  M. 
OUTLET 

am 

N/A 

49 

FINENESS  %  THRU 

50  M” 

N/A 

63 

Btu  PER  CU  FT 

N/A 

30 

HEAT  ABS/LB  OF  STEAM  (ITEM  16  -  ITEM  17) 

Bto  lb 

997.8 

so 

FINENESS  %  THRU 
200  M* 

N/A 

41 

Btu  PER  LB 

N/A 

2t 

HEAT  ABS.'LB  R.H.  STEAM  (ITEM  19-ITEM  181 

B to r  lb 

N/A 

64 

INPUT. OUTPUT 

EFFICIENCY  OF  UNIT  % 

ITEM  31-  100  g0> 

ITEM  79 

4 

3? 

ORY  REFUSE  (ASH  PIT  •  FLY  ASH)  PER  LB 

AS  fired  fuel 

lb/ lb 

N/A 

HEAT  loss  efficiency 

Bto/lb 

A.  F.  FUEL 

%  of  A.  F 
FUEL 

23 

Biw  PER  LB  IN  REFUSE  (WEIGHTED  AVERAGE) 

Bi„/lb 

N/A 

65 

HEAT  LOSS  DUE  TO  DRY  GAS 

1216.8 

6.6 

24 

CARBON  BURNED  PER  LB  AS  FIRED  FUEL 

lb/ lb 

0.8641 

66 

HEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL 

14.0 

0.1 

2S 

DRY  GAS  PER  LB  AS  FIRED  TUEL  BURNED 

lb/lb 

18.7 

67 

meat  LOSS  DUE  TO  H,0  FROM  COMB  OF  M, 

1191.4 

6.4 

HOURLY  QUANTITIES 

68 

HEAT  LOSS  OUE  TO  COMBUST. 

IN  REFUSE 

___ 

_ 

1J6 

actual  water  EVAPORATED 

Ik  S, 

935Qx2 

69 

HEAT  LOSS  DUE  TO 

RADIATION 

— 

2x7 ... 

B 

REHEAT  STEam  FLOW 

lb  /h» 

JT/A 

70 

UNME  ASURED  LOSSES 

— 

3x_0.  _ 

0 

rate  of  fuel  firing  (as  fired  -<i 

lb/ hr 

l&28.1  . 

wm 

TOTAL 

ia.8 ... 

29 

total  meat  input 

1000 

WB/hr 

11608.: 

[I 

EFFICIENCY  -  (100 

1  tom  7 1 ) 

81.2— 

30 

MEAT  OUTPUT  IN  BLOW  DOWN  WATER 

1.  B/h» 

..N/A .. 

Jl 

llifm  20 1 *11  •»«'  77  »l ipii  71 1  •  3C 

OUTPUT  1000 

It  a  hr 

9329.8 

FLUE  Gas  ANAL.  (BOILCRMECON)  (AIR  MTR) 

OUTLET 

32 

CO, 

%  VOL 

11. 6_ 

33 

o, 

*  VOL 

5._1_ . 

34 

CO 

%  VOL 

0,01 

Not  Rtpwirtd  l»r  EHic 

35 

N,  (BY  DIFFERENCE) 

%  VOL 

83.3 

M 

EXCESS  AIR 

% 

29-  5- 

For  Po#o»  ol  Mooturomont  S««  Pot.  7.J.8.1-PTC  4. 1*1964 

E-12 


UMMARY  SHEET 


A.SME  TEST  FORM 

FOR  ABBREVIATED  EFFICIENCY  TEST 


PTC  4.1.o{1964) 


Test  Series! _ Pre  Long  Term  Neat  Oil _ TE$Tw0  5 _ boiler  no.  3  PATE9/12/8O 

owner  of  plant _ U.S.  Coast  Guard . . .  location  New  London.  CT _ _  '  ' 

test  conoucteo  by _ Seaworthy  Engine  Systems _ objective  or  TESTM<tJ,ai,r(,  „nry  duration  4  hr 

boiler  make  >  TYPE  _ Bigelow  KS_20__.  _ bated  capacity  lbs /hr 

STOKER  TYPE  &  SIZE  N/A 


PUL.CR'ZER.  type  a  SIZE  N/A  _  burner^  SlZg.(No.)  1 16-82  (2) 

FUEL  USEO  Oil  MINE  N/A  COUNTY  N/A  STATE  N/A  SIZ  E  A  S  FIRE  0  N  /  A 

PRESSURES  &  TEMPERATURES  FUEL  DATA 


■ 

STEAM  PRESSURE  in  BOILER  DRUM 

pS  TO 

102.9 

COAL  AS  FIREO 
PROX.  ANALYSIS 

%  «» 

OIL 

m 

steam  pre ssure  at  s  n  outlet 

N/A 

3? 

MOISTURE 

N/A 

s 

FLASH 

POINT  F  ' 

|Na_J)ati 

b,95^7_ 

—251 _ 

11.31 

3 

STEa-m  PRESSURE  at  r.  m.  inle  t 

p  S  1  o 

N/A 

38 

VOL  MATTER 

mm 

52 

Sp.  Gro 

Fity 

4 

steam  pressure  at  r.  h.  outle  t 

puo 

N/A 

39 

FIXED  CARBON 

Egg 

S3 

VISCOSITY  AT  SSU‘ 
BURNER 

5 

steam  TEMPERATURE  AT  OUTLET 

F 

327.3 

ASH 

H 

total  hydrogen 

%  -I 

6 

STEAM  TEMPERATURE  AT  R  M  INLET 

F 

N/A 

TOTAL 

rm 

Btw  per 

lb 

18481 

7 

STEAM  TEMPERATURE  AT  R.H  OUTLET 

F 

N/A 

E! 

Btu  per  lb  AS  FIRED 

mm 

8 

WATER  TEMP.  ENTERING  (BOILER) 

m 

218.8 

m 

ASH  SOFT  TEMP.- 
ASTM  ME  THOO 

rm 

GAS 

%  VOL 

0.38 

COAL  OR  OIL  AS  FIREO 

immm 

9 

STEAMOUALITYG  moisture 

% 

ULTIMATE  ANALYSIS 

54 

CO 

imi 

10 

AIR  TEMP.  AROUND  BOILER  (AMBIENT) 

Q| 

82 

B 

CARBON 

mm 

B 

CH.  METHANE 

n/a 

1  1 

TEMP  AIR  FOR  COMBUSTION 
(  T  Ke »  it  Reference  Temperature)  t 

m 

82.0 

.. 

HYDROGEN 

11.31 

9 

CjH,  ACETYLENE 

n/a 

K§ 

TEMPERATURE  OF  FUEL 

wm 

162.9 

O 

OXYGEN 

0.25 

a 

C,  H.  ETHYLENE 

n/a 

n 

GAS  TEMP.  LEAVING  (Boil.r) 

3 

549. 51 

19 

NITROGEN 

0.35 

n 

C.H. 

ethane 

N/A 

Li 

Wei  WflTi 

F 

W 

HI 

SULPHUR 

0.45 

IH 

im 

UNIT  QUANTITIES 

B 

ASM 

m 

CO, 

N/A 

n 

ENTHALPY  OF  SAT.LIQUIO  (TOTAL  HEAT) 

B»u/(b 

300.6 

B 

moisturb 

1.2 

BS 

n/a 

16 

ENTHALPY  OF  (SATURATED' 

STm 

Btu/lb 

L184.3 

TOTAL 

total 

17 

enthalpy  OF  SAT.  FEEO  TO  (BOILER) 

Btu/lb 

186.8 

COAL  PUL  V  Eh  It  AT  ION 

■ 

TOTAL  hydrogen 

%  «i 

n/a 

18 

ENTHALPY  OF  REHEATED  steam  R.H.  INLET 

Btu/  1  b 

N/A 

48 

GRINDABILITY 

INDEX* 

mm 

a 

DENSITY  68  f  ,1 

ATM.  PRESS  N/A  1 

>9 

ENTHALPY  OF  REHEATED  steam  r.  h 
outlet 

Btu/lb 

_H/A— 

49 

FINENESS  %TMRU 

50  M* 

N/A 

63 

Btu  PER  CU  FT 

n/a 

JO 

HEAT  ABS.'LB  OF  steam  (ITEM  16  -  ITEM  17) 

B*u  lb 

997.5 

50 

FINENESS  %  THRU 
200  M* 

N/A 

41 

Btu  PER  LB 

n/a 

Jl 

HEAT  ABS-LB  R.H.  ST  E  AM  (ITEM  19-ITEM  18) 

Btw/ lb 

N/A 

64 

INPUT. OUTPUT 

EFFICIENCY  OF  UNIT  % 

ITEM  31  •  100  _  1 

ITEM  29  70.8  j 

?? 

ORY  REFUSE  (ASH  PIT  ♦  FLY  ASH)  PER  LB 

AS  FIREO  FUEL 

Ib/lb 

N/A 

MEAT  LOSS  EFFICIENCY 

Bfw/tb  | 

A.  F.  FUEL  | 

73 

Btu  PER  LB  IN  REFUSE  (WEIGHTED  AVERAGE) 

Btu/lb 

N/A 

65 

MEAT  LOSS  DUE  TO  DRY  GAS 

mmm 

10.2 

u 

CARBON  BURNED  PER  LB  AS  FIREO  FUEL 

Ib/lb 

u. 8641 

66 

MEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL 

15.1 

0.1 

25 

ORY  GAS  PER  LB  AS  FIRED  TUEL  BURNED 

Ib/lb 

16.9 

67 

MEAT  LOSS  DUE  TO  H,0  FROM  COMB  OF  M, 

1284.3 

6.9 

68 

MEAT  LOSS  DUE  TO  COMBUST. 

IN  REFUSE 

,16.. 

ACTUAL  WATER  EVAPORATED 

Ib'hr 

27249.6 

69 

HEAT  LOSS  DUE  TO 

RADIATION 

— 

LO— 

?7 

REHEAT  STEAM  FLOW 

Ib/br 

N/A 

70 

unmeasured  LOSSES 

— 

78 

RATE  OF  FUEL  FIRING  (AS  FIRED  -i)  ^ 

1  b/Kr 

JL5.1 5,  t 

71 

TOTAL  | 

„2l  .2.- 

79 

total  heat  input 

1000 

kB/h, 

35401.6 

72 

EFFICIENCY  ^  (100 

-  Item  21) 

2S  «jS — 

30 

HEAT  OUTPUT  IN  BLOw-OOwN  waTER 

VB/Kr 

N/A ._ 

(Item  J A ■  1  *em  20)  *0 lent  27  *1  ITT'  2  1  1  •  1  'em  3G 
OUTPUT  1000 

V  B  ■  hr 

271 81.8 

FLUE  CA$  ANAL.  (BOILCRMCCONI  (AIR  HTR)  OUTLET  , 

37 

CO, 

%  VOL 

12.9 

33 

0. 

*  VOL 

4.3 

34 

CO 

%  VOL 

_jQu-Ql_ 

3S 

N,  (BY  DIFFERENCE) 

%  VOL 

82.8 

36 

EXCESS  AIR 

% 

24.0 

For  Point  of  Meotwtomont  See  Per.  7.2.B.I*PTC  4,I«1W4 
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A.SME  TEST  FORM 

SUMMARY  SHEET  FOR  ABBREVIATED  EFFICIENCY  TEST  PTC  4.  l-o  ( 1964) 

Teat  S«rl««t _ Pre  Long  Term  Neat  Oil _ test  nr  (, _ boiler  no.  date  9/12/80 

OWNER  OF  PLANT _ U.S.  Coast  Guard _ _ _ location  New  London.  CT _ _  _____ 

TEST  CONQUCTEP  BT _ Seaworthy  Engine  _§y3L£.<Emft  OBJECTIVE  OF  T  E  STMgaaurp  RffSr(».w-y  DURATION  4jj 

boiler  make  a  TYRE _ Bigelow  KS_ 20.  _ rated  capacity  28 , 500  lbs/hr 

STOKER  TYPE  A  SIZE  N/A 

pulverizer,  type  »  size  N/A _  _ _ bu«««,  SME.(NpJi  1 16-82  ( 2 :)'■ 

FUEL  USED  Oil  mine  N/A  COUNIT  N/A  state  N/a  SIZE  AS  FIREDN/A 

PRESSURES  &  TEMPERATURES  FUEL  DATA  ” 


* 

STEAM  PRESSURE  IN  BOILER  drum 

P*  lo 

103,3 

_N/A 

N/A 

COAL  AS  FIRED 
PROX.  ANALYSIS 

%  «» 

B 

OIL 

2 

steam  pressure  at  s  h  outlet 

37 

MOISTURE 

N/A 

e 

FLASH  POINT  F  • 

Jno  Dat, 

b. 9567 

3 

steam  PRESSURE  at  r.  m.  inle  t 

PS  •  o 

38 

VOL  MAT  TER 

-NZA- 

S2 

Sp.  Gravity 

4 

steam  PRESSURE  AT  R.  M  OUTLET 

P*io 

N/A 

8 

FIXED  CARBON 

N/A 

S3 

VISCOSITY  AT  SSU- 
BURNER  256 

s 

STEAM  TEMPERATURE  at  outlet 

F 

ash 

N/A 

44 

TOTAL  HYDROGEN 
%  «t 

11.31 

6 

STEAM  TEMPERATURE  AT  R  M  INLET 

F 

H:7Alj 

TOTAL 

PI 

Btu  par  lb 

18481 

7 

STEAM  TEMPERATURE  at  R.H.  OUTLET 

F 

■:P/d 

n 

Btu  ...  lb  AS  FIRED 

PVMH 

i 

WATER  TEMP.  ENTERINC  (BOILER) 

F 

219.3 

H 

ASH  SOFT  TEMP. 
ASTM  METHOD 

mm 

GAS 

%  VOL 

B 

m 

mi 

COAL  OR  OIL  AS  FIRED 
ULTIMATE  ANALYSIS 

54 

CO 

wm 

m 

F 

84 

Q 

CARBON 

86.41 

□ 

CM.  METHANE 

N/A 

- 

TEMP  AIR  FOR  COMBUSTION 
(Thi»  it  Rfltranct  1 

m 

78.9 

44 

HYDROGEN 

11.31 

56 

C.H,  ACETYLENE 

N/A 

m 

TEMPERATURE  OF  FUEL 

F 

163.7 

o 

OXYGEN 

rms 

57 

C,M.  ETHYLENE 

N/A 

mm 

CAS  TEMP.  LEAVING  <B«iU*> 

F 

PI 

NITROGEN 

PI 

C.H,  ETHANE 

N/A 

n7^ 

CAS  TEMP.  ENTERINC  AH  (If  c«»4iiiw»  •>  b. 
come i«4  to  moQiml _ _ 

F 

SSI® 

Ifl 

SULPHUR 

0.45 

Kfl 

M,S 

wm\ 

UNIT  QUANTITIES 

B 

ASH 

0.031 

m 

CO, 

N/A 

d 

ENTHALPY  OF  SAT.  LIOUID  (TOTAL  HEAT) 

Biu/lb 

300.8 

19 

MOISTURE 

1.2 

m 

H,  HYDROGEN 

N/A 

16 

ENTHALPY  OFfSATURATEO' 

STM. 

B.u/lb 

1184.6 

total 

TOTAL 

17 

ENTHALPY  OF  SAT.  FEED  TO  (BOILER) 

Bfw/lb 

BUS 

COAL  PULVERIZATION 

■ 

TOTAL  HYDROGEN 

%  wt 

N/A 

II 

ENTHALPY  OF  REHEATEO  STEAM  R.  M.  INLET 

m 

N/A 

48 

GRINDABILIT  Y 
INOEX’ 

eft® 

& 

DENSITY  68  F  ,  j 

ATM  PRESS.  N/A  1 

19 

ENTHALPY  OF  REHEATED  STEam  R.  H 

outlet 

Btw/lb 

49 

FINENESS  %  THRU 

50  M- 

N/A 

63 

Btw  PER  CU  FT 

N/A 

JO 

HEAT  ABS.'LBOF  STEAM  (ITEM  16-ITEM  17) 

m 

997.3 

so 

FINENESS  %  THRU 
200  M* 

N/A 

41 

Biv  PER  LB 

n/a 

31 

HEAT  ABS.’LB  R.H.  STEAM  (ITEM  19-ITEM  18) 

Big/  lb 

N/A 

64 

INPUT. OUTPUT  ITEM  31-100  jj 

E  FFICtENCY  OF  UNIT  %  ITEM  29  78.2  I 

2? 

DRV  REFUSE  (ASH  PIT  •  FLY  ASM)  PER  LB 

AS  FIRED  FUEL 

lb/lb 

N/A 

MEAT  LOSS  EFFICIENCY 

Bhi/lb 

A.  F.  FUEL 

BBpi 

23 

Btu  PER  LB  IN  REFUSE  (WEICHTEO  AVERAGE) 

Btw/lb 

N/A 

65 

MEAT  LOSS  DUE  TO  DRY  GAS 

1820.6 

24 

CARBON  BURNEO  PER  LB  AS  FIRED  FUEL 

lb/lb 

Q.M.41 

66 

MEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL 

15.2 

2S 

ORY  CAS  PER  LB  AS  FIRED  FUEL  BURNEO 

lb/lb 

16.1  . 

67 

HEAT  LOSS  DUE  TO  H,0  FROM  COMB  OF  H, 

1288.0 

_7.0  _ 

HOURLY  QUANTITIES 

68 

HEAT  LOSS  DUE  TO  COMBUST.  IN  REFUSE 

actual  water  EVAPORATEO 

fb'hr 

27860.3 

69 

MEAT  LOSS  DUE  TO  RADIATION 

— 

3.H 

-2CL&.. 

..,79.2- 

REHEAT  STEAM  FLOW 

lb  /ht 

N/A 

70 

UNMEASURED  LOSSES 

— 

RATE  OF  FUEL  FIRING  (AS  FIRED  -•> 

lb/hr 

1922.4 

71 

TOTAL 

2* 

TOTAL  MEAT  INPUT  **  * 

1000 

SB/h. 

■■■ 

fiMBMPF 

72 

EFFICIENCY  =  (100  -  l».m  71) 

30 

HEAT  OUTPUT  IN  BLOW. DOWN  WATER 

VB/hr 

..N/A... 

*  Not  Rtguirad  for  Elf«c»#ney  Totting 

t  For  Point  ol  Mootwtotnont  Stt  Pot.  7.2.8.I*PTC  4.1*1964 

31 

heatL  (i!**! .?6.LL,*2.?9LML,?r  2/ ?•>  •  hrr  IP 

OUTPUT  1000 

kO/L, 

27786.1 

FLUE  CAS  ANAL.  (BOILCRHECON)  (AIR  HTR)  OUTLET 

32 

CO, 

%  VOL 

.JL3A.6- 

33 

0, 

%  VOL 

3.6 

34 

CO 

*  VOL 

0.00 

3S 

N,  (BY  DIFFERENCE) 

%  VOL 

82.8 

34 

EXCESS  AIR 

« 

19.3- 
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UMMARY  SHEET 


A.SME  TEST  FORM 

FOR  ABBREVIATED  EFFICIENCY  TEST 


_ Teat  Series: _ Pre  Long  Term  Ne at  01 1 _ test  no  7 _ boileb 

owner  of  PL ant _ u .  S .  Coast  Guard _ location  New  London.  CT 

test  conducted  BY _ Seaworthy  Engine  Systems _ objective  of  TESTMpagnr(>  Fff 

boiler  make  *_type  Bigelow  KS  20  _  _Rateo_c 

stok e r  type  &  size  N/A 

pulverizer,  type  &  size  N/A  burner 

EUEL  USED _ Oil _ MINE _ N/A _ county  N/A  state  n 


PRESSURES  &  TEMPERATURES  FUEL  DATA 


PTC  4.1-0(1964) 


BOILER  NO  3  Date  9/1  5/8O 


surp  F.ffErEonry  DUR*T IOn  4hR_ 

.  ,  CaPaC'It  28,500  l bs  /h r 

burner  SlZE(No_)  116-82  (2 ) 
STATE  n/a  size  AS  fihedm/a 


steam  PRESSURE  IN  BOILER  DRUM 

steam  pressure  at  s.  m  Outlet 
STEam  PRESSURE  *T  R.  H.  inlE  T 

steam  pressure  at  b  m  outle  t _ 

STEAM  TEMPERATURE  at  outlet 


steam  temperature  at  R  h  inlet 


steam  TEMPERATURE  at  r  h  outlet 


steam  quality?;  moisture 


AIR  TEMP.  AROUNO  BOILER  (AMBIENT) 


,,  TEMP  air  FOR  COMBUSTION 

(Thi,  i.  Reference  Temeeretwre)  I  _ 


TEMPERATURE  OF  FUEL 


CAS  TEMP.  LEAVING  (Bailer) 


CAS  TEMP.  ENTERING  AH  (II  canrlirian,  <o  be 
car.,  c  ted  .a  guarantee) _ . _ _ _ 


UNIT  QUANTITIES 


ENTHALPY  OF  SAT.  LIQUID  (TOTAL  HEAT) 


16  ENTHALPY  OF  (SATURATED 
STM 


ENTHALPY  OF  SAT.  FEED  TO  (BOILER) 


Bru  per  lb  AS  FIRED 


ASH  SOFT  TEMP 
ASTM  ME  THOD 


COAL  OR  OIL  AS  FIRED 
ULTIMATE  ANALYSIS 


11.31 


0.25 


0.35 


0.45 


i«/ib  1 299 . 2 


Biw/lb 


BraZ'b  J  187 . 2 


ENTHALPY  OF  REHEATED  STEam  R.H.  INLET  Biu.  lb  N/A 


,,  enthalpy  of  reheated  steam  r.  h 

OUTLET  Biv/lb 


ZO  HEAT  ABS.'LB  OF  STEAM  (ITEM  16  -  ITEM  I?) 


21  HEAT  ABS.'LB  R.H.  STEAM(ITEM  19-ITEm  IB)  Bia/lb 


2?  DRY  REFUSE  (ASH  PIT  «  FLY  ASH)  PER  LB 


AS  fired  FUEL _ llb/lb  I  N/A 


Bm  PER  LB  IN  REFUSE  (WEIGHTED  A  VE  RACE  )  [Bta/lb  N/A 


CARBON  BURNED  PER  LB  AS  FIREO  FUEL  Ib/lb 


DRY  CaS  PER  LB  AS  FIRED  TUEL  BURNED  |  Ib/lb 


HOURLY  QUANTITIES 


actual  WATER  EVAPORATED  [  Ibbr 


REHEAT  STEam  FLOW 


RATE  OF  FUEL  FIRING  (AS  FIRED  -t> 


29  TOTAL  HEAT  INPUT  (L,?Z"_2®_ * . '.'*"311 


HEAT  OUTPUT  IN  BLOW. DOWN  WATER 


^  1 1  rear  Z6-  llem  20) » (I  ten.  7  I  -  I  le  —  2 1 1  *  I  *.m  3G  L  fl 

OUTPUT  1000 


FLUE  GAS  ANAL.  (BOILERMECON)  (AIR  HTR)  OUTLET 


CO,  %  VOL 


*  VOL 


N,  (BY  DIFFERENCE) 


EXCESS  AIR 


HYDROGEN 


OXYGEN 


NITROGEN 


ASH 


MOISTURE 


TOTAL 


COAL  PULVERIZATION 


grindability 

INDEX* 


FINENESS  %  THRU 

SOM-  N/A 


FINENESS  %  THRU  . 

ZOOM*  N/A 


INPUT. OUTPUT  ITEM  3)  •  100 

EFFICIENCY  OF  UNIT  %  ITEM  29 


CO 


CH.  METHANE  |  N/A 


N/A 


C,H.  ETHYLENE  n/a 


C,H.  ETHANE 


H,  S 


TOTAL  HYDROGEN 
%  -t 


DENSITY  68  F 

ATM.  PRES 

S.  N/A 

Biu  PER  CU  FT 

N/A 

Btu  PER  LB 

N/A 

HEAT  LOSS  EFFICIENCY 


HEAT  LOSS  DUE  TO  DRY  GAS 


Btw/lb 
A.  F.  FUEL 


1839.2  10.0 


HEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL 


HEAT  LOSS  DUE  TO  H,0  FROM  COMB  OF  H 


HEAT  LOSS  DUE  TO  COMBUST.  IN  REFUSE 


HEAT  LOSS  OUE  TO  RADIATION 


UNMEASURED  LOSSES 


TOTAL 


EFFICIENCY  r  (100  -  lien.  21) 


*  Net  Repaired  far  Efficiency  Teeling 

I  Far  Paint  af  Meatwremenr  See  Par.  7.2.B.I-PTC  4.1-1966 


E-15 


UMMARY  SHEET 


asm e  test  form 

FOR  ABBREVIATED  efficiency  test 


PTC  4.1-0(1964) 


Test  Series; _ Pre  Long  Term  Neat  Oil _ test  no  8 _ BOILER  no.  3  date  9/15/go 


owner  Of  PLANT _ U j.S .  Coast  Guard _ location  Hew  London.  CT 


test  conducted BT  Seaworthy  Engine  Systems 

OBJECTIVE  OF  TEf.Tj^(,liailrp  Rf  i  anr  „  OURAT  ION  4  mbI 

BOILER  make  &  type  Bigelow  KS  20  rated  capacity  ^  lbs /hr 

STOKER  TYPE  &  SIZE  N/A 

PUL .  CRIZER,  type  a  size  N/A  _ _  AU."'LE“»  S|EE( No)  116-82(2) 

FUEL  USED  Oil  mine  N/A  county  n/A  state  n/A  SIZE  as  FIKEON/'a 

PRESSURES  &  TEMPERATURES  FUEL  DATA  | 

! 

2 

steam  PRESSURE  in  BOILER  drum 

pt  •  0 

101.1 

COAL  AS  FIRED 
PROX.  ANALYSIS 

%  Wt 

OIL 

steam  pressure  at  s,  h  outlet 

psio 

_N/A 

__N/A 

N/A 

37 

MOISTURE 

N/A 

s 

FLASH  POINT  F  • 

lNoDati 

IQ  .95.6.7. 
238 

3 

steam  pressure  at  r.  m.  inle  t 

P  »  '  o 

38 

VOL  MATTER 

_NZA_ 

ra 

Sp.  Grovity 

4 

5 

STEAM  PRESSURE  AT  R.  M.  OUTLE  T 

p  »  1  o 

39 

FIXED  CARBON 

N/A 

■ 

viscosity  at  ssu- 
BURNER 

steam  temperature  AT  OUTLET 

F 

326.8 

H 

ASH 

N/A 

44 

TOTAL  HYDROGEN 
*  -t 

11.31 

s 

STEAM  TEMPERATURE  AT  R  h  INLET 

F 

N/A 

TOTAL 

ra 

Btw  per  lb 

18481 

m 

steam  TEMPERATURE  AT  R.H. OUTLET 

F 

N/A 

n 

Big  per  lb  AS  FIREO 

mm 

■ 

WATER  TEMP.  ENTERING  .(BOILER) 

F 

219.6 

i 

ASH  SOFT  TEMP.' 
ASTM  METHOD 

mm 

GAS 

R  VOL 

m 

ST  E  AM  QUALITY  %  MOISTURE 

m 

0.35 

COAL  OR  OIL  AS  FIREO 
ULTIMATE  ANALYSIS 

, 

CO 

I9H 

i 

AIR  TEMP.  AROUND  BOILER  (AMBIENT) 

■a 

75 

□ 

CARBON 

i^n 

ra 

CH.  METHANE 

N/A 

" 

TEMP  AIR  FOR  COMBUSTION 
(TKif  it  Reference  Temperotur*)  1 

m 

76.6 

.. 

HYDROGEN 

11.31 

a 

C,H,  ACETYLENE 

N/A 

m 

TEMPERATURE  OF  FUEL 

F 

167.1 

ra 

OXYGEN 

0.25 

□ 

C,H.  ETHYLENE  • 

N/A 

m 

GAS  TEMP.  LEAVING  (Boiler) 

F 

505.3 

pi 

NITROGEN 

0.35 

n 

N/A 

B 

F 

N/A 

il 

SULPHUR 

0.45 

n 

M,S 

im 

UNIT  QUANTITIES 

ra 

ASH 

0.031 

ra 

CO, 

N/A  1 

15 

ENTHALPY  OF  SAT.  LIOUID  (TOTAL  HEAT) 

Blu/lb 

299.2 

19 

MOISTURE 

1.2 

ra 

16 

ENTHALPY  OFISATURATEO 

STM. 

Biw/lb 

TOTAL 

TOTAL 

ijgra 

17 

ENTHALPY  OF  SAT.  FEED  TO  (BOILER) 

Bfw/lb 

187.6 

COAL  PULVERIZATION 

■ 

TOTAL  HYDROGEN 

%  wl 

N/A 

18 

ENTHALPY  OF  REHEATED  STEAM  R.H.  INLET 

B»U.  lb 

N/A 

48 

GRINDABILITY 

INDEX* 

6R9 

1 

DENSITY  68  F 

ATM.  PRESS.  N/A 

19 

Enthalpy  of  reheated  steam  r.  h 
outlet 

m 

49 

FINENESS  %tmru 

50  M- 

N/A 

63 

Btw  PER  CU  FT 

N/A 

20 

21 

heat  ABS.'LB  OF  steam  (ITEM  16-ITEM  17) 

99 

so 

fineness  %  thru 

200  M* 

N/A 

41 

Btw  PER  LB 

N/A 

HEAT  ABS.'LB  R.H.  STEAM  (ITEM  19-ITEM  181 

Bfu/  lb 

N/A 

64 

22 

ORY  REFUSE  (ASH  PIT  ♦  FLY  ASM)  PER  LB 

AS  FIRED  FUEL 

lb/lb 

N/A 

MEAT  LOSS  EFFICIENCY 

6«t#/lk 

A,  F.  FUEL 

%  ■«  A.  F 
FUEL 

23 

Btw  PER  LB  IN  REFUSE  (WEIGMTEO  AVERAGE) 

B»u/lb 

N/A 

65 

MEAT  LOSS  DUE  TO  DRY  GAS 

1691.0 

9.1 

24 

carbon  burned  per  lb  as  fired  fuel 

ib/ib 

0.8641 

66 

MEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL 

15.0 

0.1 

25 

ORY  GAS  PER  LB  AS  FIREO  TUEl  BURNED 

lb/lb 

16.4 

67 

HEAT  LOSS  DUE  TO  H,0  FROM  COMB  OF  H, 

1268.8 

6.9 

HOURLY  QUANTITIES 

68 

HEAT  LOSS  DUE  TO  COMBUST.  IN  REFUSE 

26 

ACTUAL  WATER  EVAPORATED 

Ib'Kf 

23213..2 

69 

HEAT  LOSS  OUE  TO  RADIATION 

J-J-  - 

27 

REHEAT  STEam  FLOW 

ib/ht 

N/A 

1589.2 

70 

71 

UNMEASURED  LOSSES 

B9H 

_1*0— - 
20.2  - 

28~ 1 

RATE  OF  FUEL  FIRING  (AS  FIRED  -0 

Ib/Kr 

TOTAL 

29 

TOTAL  MEAT  INPUT  (Ium.  2|.  «J'«m-41) 

1000 

fc8/K» 

1 9.3.7  QJ 

72 

EFFICIENCY  ;  (100  -  It,™  71) 

79.  a_ 

30 

HEAT  OUTPUT  IN  BLOw.OOwN  WATER 

liB/bf 

..N/A._. 

23134.7 

*  Not  R»qv»r«4  (or  Efficiency  Testing 

I  Fer  Point  of  M#atw»ement  See  Pet.  7.2.S.I-PTC  4,1-1964 

J1 

j  ^  ( 1  l(m  26  •  1  20)  *(l  IMi  27  *  1  Km  2  1  1  •  1  *e_n»  3C 

OUTPUT  1000 

liB/br 

FLUE  CAS  ANAL.  (6OILERMCC0N)  (AIR  MTR)  OUTLET 

32 

CO, 

%  VOL 

33 

0, 

X  VOL 

4.2 

34 

CO 

*  VOL 

n.nn 

35 
~  U 

N,  (BY  DIFFERENCE) 

*  VOL 

00 

ro 

• 

EXCESS  AIR 

% 

23.4 

E-16 


SUMMARY  SHEET 


ASME  TEST  FORM 

FOR  ABBREVIATED  EFFICIENCY  TEST 


_ownjerof_plant _ u .S.  Coast  Guard _ _ _ location  New  London.  CT 

TEST  CONDUCTED  BY _ Seaworthy  Engine  Systems _ objective  or  TESTMaflgllro  vffi 


PTC  4.1-o(1964) 


°ATE  9/16/80 


rv  Duration  4  up 


boiler  make  a  type  Bigelow  KS  20 

STOKER  TYPE  &  SIZE  N/A 

PULVERIZER.  TYPE  i  SIZE  N/A 

PUEL  US EO  Oil _ A* INC  N/A 


PRESSURES  &  TEMPERATURES 


STEAM  pressure  in  boiler  drum 


steam  pressure  at  s.  m.  Outlet 


steam  pre ssure  at  r.  m.  inl e  t 


steam  PRESSURE  at  r.  H.  outle  t 


S  STEAM  TEMPERATURE  at  outlet 


steam  TEMPERATURE  AT  R  H  INLET  _ 


STEAM  TEMPERATURE  at  r.h  outlet 


.  ^ATE^CA^_ACIi_Yi8, 500  lbs/hr 


. . . . B_URHEH*  SlejXNq)  116-82  (2) 

'A  STATE  n/A  SIZE  AS  FIR edn/a 


FUEL  DATA 


100.0 

_U/A. 

N/A 

N/A 


s 


STEAM  QUALITY  %  MOISTURE 


AIR  TEMP.  AROUND  BOILER  (AMBIENT) 


,,  I  TEMP  AIR  FOR  COMBUSTION 
I  (Tbit  it  Ralaranca  Taitiaatalwta)  I 


TEMPERATURE  OF  FUEL 


CAS  TEMP.  LEAVING  (Bailat) 


14  CAS  TEMP.  ENTERING  AH  (II  conditions  lo  ba 
_  _  cottac  tad  ta  auatanlaa) _ _ _ _ _ 


UNIT  QUANTITIES 


ENTHALPY  OF  SAT.  LIQUID  (TOTAL  HEAT)  Ptu/lb  1298.4 


COAL  AS  FIRED 
PROX.  ANALYSIS 


MOISTURE 


VOL  MATTER 


FIX E 0  CARBON 


ASH 


TOTAL 


0 tu  aar  lb  AS  FIRED 


ASM  SOFT  TEMP.- 
ASTM  METHOD 


COAL  OR  OIL  AS  FIRED 
ULTIMATE  ANALYSIS 


i«  1  enthalpy  ofisaturateo 
I  STm. 


enthalpy  OF  sat.  FEED  TO  (BOILER) 


|b  tu/i  b  I  1 1 8  2  . 


Btv/ib  188.4 


18  ENTHALPY  OF  REHEATED  steam  R.h.  INLETlBtu.'lb 


,n  ENTHALPY  OF  REHEATED  STEAM  R.  H 

OUTLET  _  _ 


MEAT  ABS.'LB  OF  STEAM  (ITEM  16-ITEM  17) 


Zt  HEAT  A6S.  LB  R.H.  STEAMflTEM  19-ITEM  18)  Biu/lb 


3?  DRY  REFUSE  (ASH  PIT  •  FLY  ASH)  PER  LB 

AS  FIRED  FUEL _  lb/lb  N/A 


Btu  PER  LB  IN  REFUSE  (WEIGHTED  A VE  RAGE )  Btu/lb 


CARBON  BURNED  PER  LB  AS  FIRED  FUEL  lb/lb 


ORY  GAS  PER  LB  AS  FIRED  TUEL  BURNED  f  lb/lb 


HOURLY  QUANTITIES 


ACTUAL  WATER  EVAPORATED 


REHEAT  STEAM  FLOW 


rate  of  fuel  firing  (as  fired  -o 


39  I  TOTAL  HEAT  INPUT  (I_lamje  «  <t.m  4jj  liBA. 

I  1000 


MEAT  OUTPUT  IN  BLOW  DOWN  WATER _ b  B/h. 

31  (I  taw*  36-  Itaat  30)  *|l  tan.  77  -Ita—  31  I  »  l-f  *.»  30  laB/Kr 

OUTPUT  1000 


FLUE  GAS  ANAL.  (BOILERHECON)  (AIR  HTR)  OUTLET 


CO,  %  VOL  1  12.7 


%  VOL 


HYDROGEN 


OXYGEN 


NITROGEN 


ASH 


MOISTURE 


TOTAL 


COAL  PULVERIZATION 


CRINDABIUTY 
INDE  X- 


fineness  %tmru 
50  M” 


FINENESS  %  THRU 
200  M* 


INPUT. OUTPUT  ITEM  31  ■  100 

EFFICIENCY  OF  UNIT  ■/.  ITEM  29  79.7 


86.41 


11.31 


co 


CM.  METHANE 


C,H, 

ACETYLENE 

C,H. 

ETHYLENE 

C,H. 

ETHANE 

M.S 

TOTAL  HYDROGEN 

%  wt 


DENSITY  68  F 

ATM.  PRESS.  N/A 


Btu  PER  CU  FT 


Btu  PER  LB 


HEAT  LOSS  EFFICIENCY 


MEAT  LOSS  DUE  TO  DRY  CAS 


Btu/lb  %  al  A.  F 

A.  F.  FUEL  FUEL 


1493 . 3  8.1 


HEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL  14.6  I  0.1 


heat  loss  due  to  h,o  from  comb  ofhJ  1238. 7 


HE  AT  LOSS  DUE  TO  COMBUST.  IN  REFUSE 


HEAT  LOSS  DUE  TO  RADIATION 


UNME  ASURED  LOSSES  _ - 

TOTAL 

EFFICIENCY  t  (100  -  liom  7IJ 


N,  (BY  DIFFERENCE! 


EXCESS  AIR 


Net  Required  for  EMicr«ncy  Totting 
f  For  Form  of  Meoiuroment  So#  Per.  ?.2.I.1*FTC  4.1*1964 


•UMMARY  SHEET  *-°K  ABBREVIATED  EFFICIENCY  TEST  PTC  4.  l-0  { 1964) 


ASME  TEST  FORM 

FOR  ABBREVIATED  EFFICIENCY  TEST 


.  Test  Series : _ Pre  Long  Term  Neat  Oil _ test  no  10 _ boiler  no.  3  date  9/1  ft /ftp 

owner  Of  plant _ U.S.  Coast  Guard _ _ location  New  London.  CT _ 

TEST  conducted  8r _ Seaworthy  Engine  Systems  objective  or  T£STMpag|lrp  Effic-icnry  duration  ,  HR 


boiler jaake  &_ty pe  _  _ Bigelow  KS  20 

^TO»C  FR  TYPE  A  SIZE  N/A 

PUL  .  f  Pi ZE».  T  YPE  A  SIZE  N/A 

fuel  usep _ Oil _ mine  N/A 

PRESSURES  &  TEMPERATURES 


steam  pressure  in  boiler  drum 


RATED  CAPACITY 


r  duration  ^ 

28,500  lbs /hr 


steam  PRESSURE  AT  S  h  OUILF  I 
steam  pressure  at  r  m.  inle  t 

s t_e am  p ressure  a t  r.  h.  ou t l  e  t _ 

steam  TEMPERATURE  AT  OUTLET 


STEAM  TEMPERATURE  AT  R  H  INLET 


steam  TEMPERATURE  AT  R.H  outlet 


8  I  water  temp  ENTERING 


{BOILER 


STEAM  QUA  LIT  ft.  MOISTURE 


AIR  TEMP.  AROUND  BOILER  (AMBIENT) 


TEMP  AIR  FOR  COMBUSTION 

(Thi,  i.  Reference  Temperature)  I  _ 


TEMPERATURE  OF  FUEL 


GAS  TEMP.  LEAVING  (Boiler) 


M  GAS  TEMP.  ENTERING  AH  (II  condition,  10  be 

corrected  lo  ouoionlee) _ 


UNIT  QUANTITIES 


ENTHALPY  OF  SAT.  LIQUID  (TOTAL  HEAT)  |Btu/lb 


ENTHALPY  OF(SATURATED' 
STM 


ENTHALPY  OF  SAT.  FEED  TO  (BOILER) 


ENTHALPY  OF  REHEATtO  STEAM  R.H.  INLET  Btu.  lb 


ENTHALPY  OF  REHEATEO  STEAM  R.  H 

OUTLET  _  Blu'Tb 


HEAT  ABS.LB  OF  STEAM  (ITEM  It  -  ITEM  1?)  Btu  lb 


21  MEAT  ABS.LB  R.H.  steam  (ITEM  19 -ITEM  18)  Bio/  lb 


27  DRY  REFUSE  (ASH  PIT  •  FLY  a$h)  PER  LB 

AS  FIRED  FUEL  I  lb/lb 


Bio  PER  LB  IN  REFUSE  (WEIGHTED  A  VE  RAGE  )  8tu/lb 


CARBON  BURNED  PER  LB  AS  FIRED  FUEL  I  lb/lb 


DRY  GaS  PER  LB  as  FIREO  TUEL  BURNED  |  Ib.'lb 
HOURLY  QUANTITIES 
ACTUAL  WATER  EvaPORaTFD 
REHEAT  STEAM  FLO* 

RATE  OF  FUEL  FIRING  (AS  FIRED  -t) _ 

79  TOTAL  MEAT  INPUT  <'t«?*_78  •  Hern ,41) 

_ 1000 

30  MEAT  OUTPUT  IN  BLOw  DOwn  WATER 

Jl  ME  A  T  *  **Yrw  7t '  Item  201  •  (1  tern  7  7  'I  ten*  7  I  I  *  I  'em  3C  I  U  FT  l<r 
OUTPUT  1000  | 


flue  GAS  ANAL.  (BOILERKECON)  (air  HTR)  OUTLET 


37  CO,  __  _ OL  13.0. 

33  O,  ’  ” .  %  VOL  4. 1 

CO  ~  _ - _ %  VQL  q^qj_ 

N,  (BY  DIFFERENCE)  I^VOL1 


EXCESS  AIR 


_ °_URN£K»  SIZE  (No.)  116-82  (2) 

state  N/A  SIZE  AS  firedn/a 
FUEL  DATA 


220.6 


0.57 


74 


73.0 


158.7 


417.3 


COAL  AS  FIRED 
PROX.  ANALYSIS 


MOISTURE 


VOL  MAT  TER 

fixed  carbon 


Birr  per  lb  AS  FIRED 


ASH  SOFT  TEMP.- 

astm  me  thod 


COAL  OR  OIL  AS  FIRED 
ULTIMATE  ANALYSIS 


— .  hashpq.nt  f;  jNo  Dat 
Ip.  c,0>."> _ Jo. 9567 

viscosity  at  ssu- 

S3  burner  _ 291 

total  hydrogen  [ 

%  -i 


18481 


HYDROGEN 


OXYGEN 


NITROGEN 


SULPHUR 


ASH 


MOISTURE 


0.45 


0.031 


1.2 


CO 

CH. 

methane 

C.H, 

acetylene 

C,H. 

ETHYLENE 

C.M, 

ETHANE 

H.S 

N/A 


H,  HYDROGEN  I  N/A 


TOTAL 


COAL  PULVERIZATION 


GRINDABIUTY 

INDEX- 


TOTAL  HYDROGEN 

%  .i 


DENSITY  68  F 

ATM.  PRESS  N/A 


input,  output 

ITEM  31  - 

EFFICIENCY  OF  UNIT  % 

ITEM  29 

Btu/lb 

HEAT  LOSS  EFFICIENCY  |A.F.  FUEL 


1385.9 


66  HEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL  14.5 

6  7  MEAT  LOSS  DU F  TO  H,0  FROM  COMB  ofhJ  1230.6 

68  he  a  t  l  oss  due  to  combust'Tn~r'eTusF 

69  MEAT  LOSS  DUE  TO  RADIATION 

70  unmeasured  losses 

71  TOTAL 


72  I  EFFICIENCY  -  (100  -  llem  71) 


Not  Required  for  Efficiency  Telling 

I  Fo*  Pomi  of  Meoiu’ement  See  Per.  7.2.8.1*PTC  4.1*1964 


SUMMARY  SHEET 


ASME  TEST  FORM 

FOR  ABBREVIATED  EFFICIENCY  TEST 


PTC  4. 1-o(  1964) 


Pre  Lone  Term  Neat  Oil  test  no 


loc* tion  New  London.  CT 


TEST  CONDUCTED  BY  .  Seaworthy  Engine  Systems  __  OOJECTIVE  0F  TESTMpa^..rP  Fff 

boiler  make  &  type  Bigelow  KS  20  rated  c 

STOKER  TYPE  &  SIZE  N/A 

PUL  .  C  RiZER.  type  4  size  N/A  BURNER 

EUEL  USED _ Oil _ MINE _ N/A _ COUNTY  N/A _ STATE  N 


PRESSURES  4  TEMPERATURES  FUEL  DATA 


RATED  CAPACITY 


28,500  lbs/hr 


0URNE.S  S1ZE( No)  1 1 6-82  ( 2) 

STATE  n/A  SIZE  AS  FiREON/A 


STEAM  PRESSURE  in  boiler  drum 

steam  pre  SSURE  a  t  s  M 

OlJTLf  T 

ST£  AM  PRE  SSURE  AT  R.H 

INL  l  T 

STEAM  pressure  a  t  r  h 

OUTI.E  T 

steam  TEMPERATURE  at 

OUTLET 

steam  TEMPERATURE  AT 

R  H  INL  E  T 

steam  TEMPERATURE  at 

R  H  OUTLET 

WATER  TEMP  ENTERING 


(BOILER 


STEAM  QUALITY  %  MOISTURE 


AIR  TEMP.  AROUND  BOILER  (AMBIENT) 

,  ,  TEMP  AIR  FOR  COMBUSTION 

__  f  Thu  1%  Reference  TcmpcfQtute)  t _ 

1?  TEMPERATURE  OF  FUEL 

»3  CAS  TEMP.  LEAVING  (Bo. ler) _ 

I  4  GA$  TEMP.  ENTERING  AH  (II  conditions  »o  be 
_ _ __  corrected  to  Quoranlct) 


72.5 
158.3 
471 .0' 


B 

B 


UNIT  QUANTITIES 


ENTHALPY  OP  SAT.  LIOUIO  (TOTAL  HEAT)  feiu/lb  1  297.7 


ENTHALPY  0F(SATURATED' 
STM 


ENTHALPY  OP  SAT.  FEED  TO  (BOILER) 


enthalpy  OF  REHEATED  STEam  r.  h.  INLET  Btu.lb  N/A 


ENTHALPY  OF  REHEATED  STEAM  R  H. 
OUTLET 


HEAT  ABS  LB  OF  STEAM  (ITEM  16-ITEM  17) 


heat  ABS.  LB  R.H.  STEAMdTEM  19-ITEm  IS) 


38  VOL  MATTER 

39  FIXED  CARBON 


ASH 


Blw  per  lb  AS  FIRED 


ASH  SOFT  TEMP 
ASTM  me  THOD 


COAL  OR  OIL  AS  FIRED 
ULTIMATE  ANALYSIS 


CARBON 


HYDROGEN 


OXYGEN 


NITROGEN 


SULPHUR 


ASH 


MOISTURE 


TOTAL 


COAL  PULVERIZATION 


OIL 

51  FLASH  POINT  F  • 

52  Sp.  GfOvtty 

VISCOSITY  AT  SSU* 

53  BURNER 


No.JDati 

0.3567- 

307 


11.31 


18481 


11.31  54  CZH*  ACETYLENE  |  N/A 


0.25  «  C,H.  ETHYLENE 


0.35  58  C,H.  ETHANE 


0.45  I  4,  |h,s 


TOTAL  HYDROGEN  n/a 


22  DRY  REFUSE  (ASH  PIT  •  FLY  ASH)  PER  LB 

AS  FIRED  FUEL  llb'lb 


B»v  PER  LB  IN  REFUSE  (WEIGHTED  AVERAGE)  ]8tu/lb 


CARBON  BURNED  PER  LB  AS  FIRED  FUEL 
DRY  GAS  PER  LB  AS  FIRED  TuEL  BURNED 
HOURLY  QUANTITIES 

actual  water  EvaPOhaTED 
REHEa  t  steam  FLOW 
RATE  OF  FUEL  FIRING  (AS  FIRED  -.) 

TOTAL  meat  INPUT  (lien.  ?8  »  lierrr  41) 

1000  . . 

heat  output  in  blow  down  water 

3r,  .  |t,n.  30',(!'e",?7>lr.-  71)*l'.rTi3C  k  r,, 

OUTPUT  1000 


FLUE  GAS  ANAL.  (BOIL  E  R)  ( E  CON)  (AIR  HTR)  OUTLET 


CO.  *4  VOL 

O,  %  VOL 


CO 


N,  (BY  DIFFERENCE! 


EXCESS  AIR 


GRINDABILITY 

IND E  x  * 

N/A 

62 

DENSITY  68  F 

ATM.  PRES 

s.  N/A 

FINENESS  %  THRU 

50  M- 

63 

Biv  PER  CU  FT 

N/A 

FINENESS  %  THRU 
200  M* 

EBB 

Bi„  PER  LB 

N/A 

INPUT. OUTPUT 
EFFICIENCY  OF  UNIT  % 


ITEM  31  . 
ITEM  29 


meat  loss  efficiency 


HEAT  LOSS  DUE  TO  DRY  GAS 


HEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL 


A.  F.  FUEL  I  FUEL 


1580.9 


_1 4_.  8 

MEAT  LOSS  DUE  TO  H,0  FROM  COMB  OF  HJ  1256.7 
H E  A  T  L  0 S S  DU f  TO  COMBUST  7n  RE  F  U S E_ I 
HEAT  LOSS  DUE  TO  RADIATION 
UNMEASURED  I  OSSES 
TOTAL 

EFFICIENCY  r  (100  -  lien.  71) 


]  7676.5 


%  VOL 


*  v°i-  I  83.0 


Not  Rrovired  lor  t  HiC'fnty  letting 

For  Point  of  jiuftmint  See  Pet.  7.2.8.I*PTC  4.1*1964 


UMMARY  SHEET 


A.SM  E  TEST  FORM 

FOR  ABBREVIATED  EFFICIENCY  TEST 


BOILER  NO 


_Owner^of^pl*nt _ U .5 .  Coast  Guard _ _ _ location  ncw  London.  CT 

TEST  CQnducteo  ar _ Seaworthy  Engine  Systems  _____  QQ-iective  or  test Mpa<t„r<>  Fffiri 

boil er jaaxe  &TYPE  Bige low  KS  20  rated  cap 

stoker  tyre  a  size  N/A 


stoker  TYPE  4  SIZE  N/A 

pulverizer,  type  &  size  N/A 

FUEL  USED _ Oil _ MINE 

PRESSURES  &  TEMPERATURES 


steam  PRESSURE  IN  BOILER  drum 


steam  pressure  at  s  h  outle  t 


steam  pressure  at  r.  m.  inle  t 


steam  PRESSURE  AT  R.  M  OUTLE  T 


steam  TEMPERATURE  AT  OUTLET 


STEAM  TEMPERATURE  at  R  m  inlet 


STEAM  TEMPERATURE  AT  R  H  OUTLET 


STEamOUALITYT.  MOISTURE 


air  TEMP.  AROUND  BOILER  (AMBIENT) 


TEMP  AIR  FOR  COMBUSTION 

(Tbit  it  R.ler.nc.  Ttmtottwn)  I _ 


TEMPERATURE  OF  FUEL 


CAS  TEMP.  LEAVING  (Boil.r) 


CAS  TEMP.  ENTERING  AM  (II  conilitiaAt  >o  be 

C«M«(I«I  It  < 


UNIT  QUANTITIES 


ENTHALPY  OF  SAT.  LIOUIO  (TOTAL  HEAT) 


ENTHALPY  OFISATURATED 
STM 


ENTHALPY  OF  SAT.  FEED  TO  (BOILER) 


PTC  4.1-0(1964) 


date  10/7/80 


la  Efflrignry  DURATION  4_HR^ 

raied  capacitt 28, 500  lbs/hr 


COAL  AS  FIRED 
>ROX.  ANALYSIS 

37 

MOlSTURC 

38 

VOL  MAT  TER 

39 

FIXED  CARBON 

Hi 

ASH 

total  1 

bi 

Bn*  p«r  ib  as  fired 

HI 

ASH  SOFT  TEMP* 
ASTM  METHOD 

C,URN£.S  SIZJ.(lfo)l  16-82  (2) 
state  nM  size  as  fiweqN/a 
FUEL  DATA 


^AjH  Pomr  f  •  L  Dat' 
s<>  c,0'”>' _ D. 9541 


VISCOSITY  AT  ssu- 
BURNER 


Bfw  p«r  lb 


11.93 


18535 


COAL  OR  OIL  AS  FIRED 
ULTIMATE  ANALYSIS 


CARBON 


HYDROGEN 


OXYGEN 


NITROGEN 


85.42 

El 

CM,  METHANE 

N/A 

11.93 

1 

CjH,  ACETYLENE 

N/A 

0.15 

m 

C,M,  ETHYLENE 

N/A 

0.29 

El 

C,M.  ETHANE 

N/A 

feiw/ib  I  298  •  1 


Ibiu/is  1 1 180.6 


178.6 


ASH 


MOISTURE 


TOTAL 


COAL  PULVEfclZATION 


TOTAL  HYDROGEN 

%  >i 


ENTHALPY  OF  REHEATEO  steam  R.M.  IN  LET  iBfw/lb 


ENTHALPY  OF  REHEATEO  STEAM  R.  M. 

OUTLET  _  _ 


HEAT  ABS.  LB  OF  STEAM  (ITEM  16  -  I T  EM  17) 


HEAT  ABS.  LB  R.M.  STEAM  (ITEM  1 9  -  IT  Em  ID  B.a.lb 


ORY  REFUSE  (ASH  PIT  •  ELY  ASM)  PEN  LB 

AS  FIRED  FUEL _ lb/lb 


Biv  PER  LB  IN  REFUSE  (WEIGHTEO  A VE RAGE  )  iBtu/lb 


Carbon  burneo  per  lb  as  fired  fuel  |ib/ib 


DRY  GAS  PER  LB  AS  FIRED  ("UEL  BURNED  |  lb/lb 


HOURLY  QUANTITIES 


ACTUAL  WATER  EVAPORATED 


REHEAT  STEam  FLOW 


RATE  OF  FUEL  FIRING  (AS  FIRED  _i) 


total  heat  input  < 1. 1 

_ _ 1000  _ 

MEAT  OUTPUT  IN  BLOW. OOWN  WATER _  |VB/b. 

j  £  (l_i.m  ?6-  I  Nrw_?OI  *(!•.«•  77  'I  t.**»  7 1 )  »  l**m  3G  LB  H. 

OUTPUT _ 1000 _ 

FLUE  GAS  ANAL.  (BOILERMECON)  (AIR  HTR)  OUTLET 


GRINDABILITY 

INDEX* 

EflS 

m 

DENSITY  68  F 

ATM.  PRESS.  N/A 

FINENESS  %  THRU 

50  M- 

N/A 

63 

Biw  PER  CU  FT 

N/A 

FINENESS  %  THRU 
700  M* 

N/A 

41 

Btw  PER  LB 

N/A 

MEAT  LOSS  EFFICIENCY 


MEAT  LOSS  DUE  TO  DRY  GAS 


66  MEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL 


1446 . 6 


20.7 


MEAT  LOSS  DUE  TO  H,0  FROM  COMB  OF  mJ  1305.5 


68  I  HEAT  LOSS  DUE  TO  COMBUST.  IN  REFUSE  |  ___ 

69  MEAT  LOSS  DUE  TO  RADIATION  f~___ 

70  UNMF  ASURED  LOSSES  - 

71  TOTAL 

77  EFFICIENCY  --  (100  -  lien.  71) 


2^0 

3-0 

2CUO 


N/A 

12491.7 


3} 

CO, 

•s  VOL 

12.5 

33 

0, 

*  VOL 

4.3 

34 

CO 

%  VOL 

o.no 

IS 

N,  (BY  DIFFERENCE) 

%  VOL 

83.7 

1* 

EXCESS  AIR 

% 

73-9 

Net  Rtquiitd  for  EMictnci  Tilling 
I  For  of  Mfoiuiimtnt  $t«  P#r.  ?.2.8.1*PTC  4.1-1964 


E-20 


UMMARY  SHEET 


A.SME  TEST  FORM 

FOR  ABBREVIATED  EFFICIENCY  TEST  PTC  4. 1.0  { 1964) 

-  Test  Serlest _ Pre  Long  Term  Neat  Oi  1 _ te£t_no _ jj_g _ boiler  no  3  Date  10/8/80 

Owner  Of  PLANT _ u  ,s .  Coast  Guard _ , _ location  New  London.  CT _ _ 

TEST  CONQUCTEO  by _ Seaworthy  Engine  Systems  objective  or  TESTM<,a<tllr<>  £££ixjLency  duration  ^ 

BOtLER  MAKE  B  type  _ Bigelow  KS  20  _  . .  _  _ RATED  capacity  28,500  Ibs/hr 

STOKER  type  &  SIZE  N/A 


PULVERIZER.  TYPE  »  SIZE  N/A  _ _  BURNER  SlZE(No.)  1 16-82  ( 2 ) 

EUEL  USED  Oil _ MINE  N/A _ COUNTY  N/A _ STATE  fr)/A  SIZE  AS  Eire  0  N /A 

PRESSURES  &  TEMPERATURES  FUEL  DATA 


1 

steam  PRESSURE  IN  BOILER  DRUM 

ps  •  O 

99.3 

COAL  AS  FIRED 

PROX.  ANALYSIS 

%  Wt 

OIL 

MW 

STEam  PRESSURE  AT  S  M  OtJTLE  I 

pS'O 

N/A 

37 

MOISTURE 

N/A 

51 

FLASH 

POINT  F  ' 

No  JDati 
0.9541 

■ 

STEAM  PRESSURE  at  R.  H.  tNLE  T 

p»  •  O 

N/A 

38 

VOL  MATTER 

N/A 

s 

Sp.  Grovity 

4 

STEAM  PRESSURE  AT  r  H  OUTLE  t 

pno 

N/A 

39 

FIXED  CARBON 

N/A 

■ 

VISCOSITY  AT  ssu- 
BURNER 

262 

s 

STEAM  TEMPERATURE  at  OUTLET 

F 

325.5 

40 

ASH 

N/A _ 

44 

total 
%  -» 

HYDROGEN 

11.93 

6 

STEAM  TEMPERATURE  AT  R  H  INLET 

F 

N/A 

TOTAL 

■  ■ 

m 

Btu  per 

lb 

18535 

7 

STEAM  temperature  at  r.h  outlet 

F 

N/A 

n 

Btu  per  lb  AS  FIRED 

— ■ 

8 

water  TEMP,  entering  (BOILER) 

F 

215.8 

H 

ASH  SOFT  TEMP.’ 

astm  me  thod 

am 

GAS 

s 

0.54 

COAL  OR  OIL  AS  FIRED 

■ 

9 

STEamOUALITYT.  moisture 

% 

ULTIMATE  ANALYSIS 

S4 

CO 

TO 

AIR  TEMP.  AROUND  BOILER  (AMBIENT) 

F 

73 

o 

CARBON 

85.42 

El 

CH.  methane 

N/A 

II 

TEMP  AIR  FOR  COMBUSTION 
(Thi*  It  Reference  T*mp«fal«f*)  t 

F 

71.0 

.. 

HYDROGEN 

11.93 

i 

c,h,  acetylene 

N/A 

17 

TEMPERATURE  OF  FUEL 

F 

JA'LJ- 

m 

OXYGEN 

0.15 

O 

N/A 

13 

CAS  TEMP.  LEAVING  (Boil.r) 

F 

505.7 

H 

NITROGEN 

0.29 

El 

C,M. 

E  thane 

N/A 

14 

CA$  TEMP.  ENTERING  AH  (II  condition*  »o  be 
corrected  to  ouorontee) 

F 

N/A 

■ 

SULPHUR 

0.45 

19 

H.S 

111 

UNIT  QUANTITIES 

13 

ASH 

0.059 

E9 

CO, 

N/A  i 

n 

ENTHALPT  OF  SAT.  LIQUID  (TOTAL  HE  AT) 

8tu/lb 

297.8 

m 

MOISTURE 

1.7 

EM 

HYDROGEN 

turn 

16 

ENTHALPY  OF(SATURATED 

STM 

Bio/lb 

1182.2 

TOTAL 

total 

■i 

17 

enthalpy  of  sat.  feeo  to  (boiler) 

Btw/lb 

183.8 

COAL  PULVERIZATION 

1 

TOTAL  HYDROGEN 
% 

N/A 

18 

ENTHALPY  OF  REHEATED  STEAM  R.H.  INLET 

Btu.  1  b 

N/A 

48 

crindability 

INDEX* 

ff  1 

a 

DENSITY  68  F 

ATM  PRESS  N/A 

19 

ENTHALPY  OF  REHEATED  steam  R.  H 

outlet 

Btw/lb 

JJ/A- 

49 

FINENESS  %THRU 

50  M- 

N/A 

63 

Btu  PER  CU  FT 

N/A 

70 

HEAT  ABS/LB  OF  STEAM  (ITEM  16-item  i  71 

91 

998.4 

JO 

FINENESS  %  THRU 
200  M* 

N/A 

41 

Btu  PER  LB 

N/A 

71 

HEAT  A  BS.'L  B  R.H.  STEAMOTEM  19-ITEm  18) 

Btu/ 1  b 

N/A 

64 

INPUT. OUTPUT 

E  FFICIENCY  OF  UNIT  % 

ITEM  31  •  100 

ITEM  79  7&. 

5 

77 

DRY  REFUSE  (ASH  PIT  •  FLY  ASM)  PER  LB 

AS  FIRED  FUEL 

lb/lb 

N/A 

HEAT  LOSS  EFFICIENCY 

Bfw/lb 

A.  F.  FUEL 

73 

B*u  PER  LB  IN  REFUSE  (WEIGHTED  AVERAGE) 

Bfw/I  b 

N/A 

65 

HEAT  LOSS  DUE  TO  DRY  GAS 

1769.0 

74 

Carbon  burned  per  lb  as  fireo  fuel 

lb/lb 

0.8542 

66 

HEAT  LOSS  DUE  TO  MOISTURE 

IN  FUEL 

21.3 

0.1 

25 

ORY  Gas  per  LB  as  FIREO  ruEL  BURNED 

lb/lb 

17.0 

6? 

HEAT  LOSS  OUE  TO  H,0  FROM  COMB  OF  H, 

1344.6 

7.2 

HOURLY  QUANTITIES 

68 

HEAT  LOSS  OUE  TO  COMBUST. 

IN  REFUSE 

_ 

'  76  1 

actual  water  evaporated 

lb  hr 

19227.6 

69 

HEAT  LOSS  DUE  TO  RADIATION 

— 

1.3— 

?r 

reheat  STEam  FLOW 

lb  /hr 

N/A 

70 

UNMEASURED  losses 

__ 

— 

3.0  __ 

78 

RATE  OF  FUEL  FIRING  (AS  FIRED  -•) 

1  b/  hr 

71 

TOTAL  [ 

7? 

total  heat  input  (L'tnJ®.  V1’'"  fi.) 

TOO 

kB/hr 

25089.0 

77 

E  F  FICIENCV  -  (100 

-  1  tom  71) 

78.8 

30 

HEAT  OUTPUT  IN  BLOW  DOWN  WATER 

kB/hr 

N/A.. 

J» 

( 1  tem  701  ,(ll#ni  J7  •It#'*.  ?  1  |  •  1  'em  3C 

OUTPUT  1000 

kfl  h. 

19197.1 

FLUE  CAS  ANAL.  (BOILERMECON)  (AIR  HTR)  OUTLET 

37 

CO, 

\  VOL 

12.7 

37 

0, 

%  VOL 

4.0 

34 

CO 

*  VOL 

0.00 

Net  Required  for  Elite 

35 

N,  (BY  OIFFCRC NCE) 

%  VOL 

83.3 

38 

EXCESS  AIR 

* 

a. 

Fet  Point  ol  Meotwtomont  See  Pot.  7.2.B.1*PTC  4.1.1964 
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SUMMARY  SHEET 


-Teat.  Serles:- 

0»N£S  or  PLANT 


ASME  TEST  FORM 

FOR  ABBREVIATED  EFFICIENCY  TEST 


TEST  CONOUCTEO  BY 

boiler  majce  a  type  Bigelow  KS.20 

STO*  FR  T  YPf  &  Sl/f  N/A 

PUL. CRIDER.  TrPE  4  Si/f  N/A 

FUEL  USE 0 _ Oil _ mine _ N/A 

PRESSURES*.  TEMPERATURES 


steam  PRESSURE  IN  BOILER  drum 

stea«  pressure  at  s  m  outlet 

steam  PRESSURE  at  R  II  INLET 


ST  E_AM  PRESSURE  A JJJ  M  OUT  LE  I _ 

STEAM  TEMPERATURE  AT  OUTLET 


STEAM  TEMPERATURE  AT  R  M  INLET 


STEAM  TEMPERATURE  AT  R  h  OUTLET 


WATER  TEMP  ENTERING  (BOILER 


STEamOUALITY'.  MOISTURE 


AIR  TEmP  AROUND  BOILER  (AMBIENT) 


TEMP  AIR  POR  COMBUSTION 
(TSii  it  Rrlciintt  T*"ipiraiu*e)  T 


TEMPERATURE  OE  FUEL 


GaS  TEmP.  leaving  (Bo. i«i) 


14  GAS  TEMP.  ENTERING  AH  (II  conditio*!  to  bo 

co.fOC.cd  »o  quo.Of.Kt]  _  _  _ 


UNIT  QUANTITIES 


Enthalpy  of  sat  liquid  (total  heat) 


ENTHALPY  OF(SATURaTED' 
STm 


enthalpy  of  sat.  feeo  to  iboileri 


_ rOK  ABBREVIATED  EFFICIENCY  TEST  PTC  4. }.»  ( 1964) 


Pre  Long  Term  Neat  Oil _ test  no  12R _ boiler  no.  3  date  10/8/80 

U.S.  Coast  Guard _ _ location  New  London.  CT _ __ 

Seawor t hy_Engi_ne . .Systems.  _  objective  of  TESTMpaailr(>  £f£iciency  ourationA  un^ 

Bigelow  KS.20  .  ...  rated  capacijy ^,500  lbs/hr. 


burner^  SJ.H(Nq)  116-82  (2) 

te  N/A  size  as  firedn/a 


_211L£ _ NZi 

FUEL  DATA 


COAL  AS  FIRED 

PROX.  ANALYSIS 

37 

MOIS’URE 

38 

VOL  MATTER 

39 

fixed  carbon 

m 

ash 

TOTAL  ] 

n 

Btw  per  lb  AS  FIRED 

■ 

ASH  SOFT  TEMP.- 
ASTM  ME  THOD 

OIL 

flash  point  f • 

No 

Sp  G'OVity 

3.9541 

VISCOSITY  AT  ssu- 

burner 

276 

11.93 


18535 


COAL  OR  OIL  AS  FIRED 
ULTIMATE  ANALYSIS 


Carbon 


hydrogen 


OXYGEN 


nitrogen 


ASH 


MOISTURE 


C^H,  ACETYLENE  n/a 


C,M.  ETHYLENE  |  N/A 


0.45 


0.059 


|Btw/lb 


Btw/lb  183.1 


TOTAL 


COAL  PULVEhlZATION 


TOTAL  HYDROGEN 

%  .i 


ENTHALPY  OF  REHEATEO  steam  r.h.  inlETIb.u.  lb 


ENTHALPY  of  reheated  steam  r.  H 

outlet  Btv/lb 


20  heat  aBS.’LB  of  STEAM  (ITEM  16  -  ITEM  171 


21  HEAT  ABS  LB  R.H.  steam  (ITEM  19 -ITEM  18) 


22  0RY  REFUSE  (ASH  PIT  *  FLY  ASH)  PER  LB 

AS  FIRED  FUEL  _  lb/lb 


B.u  PER  LB  IN  REFUSE  (WEIGHTED  AVERAGE)  Btx/lb 


Carbon  burneo  per  lb  as  fired  fuel  lib/ib 


DRY  gas  per  lb  AS  FIRED  TUEL  BURNED  |  lb/lb 
_  HOURLY  OUAN.Tm.ES 

ACTUAL  water  EVAPORATED 
reheat  steam  flow 
rate  of  fuel  firing  (as  fired  -.) 

29  total  HEAT  INPUT  (I..-.  28  A  l.cr.  4U 

1000 

30  HEA  T  OUTPUT  IN  BLO*  DOWN  WA  TER 
,,9  _  ^  1 1  .cm  2 If  •  Item  20'  *(l  lent  27  'll...  21  I  •  I  *rn»  3C  h  fl 

J I  •  Mfe  A  T  - 

output  »ooo  124661.3 


FLUE  GAS  ANAL.  (BOILERMECON)  (AIR  HTR)  OUTLET 


48 

GRINDABILITY 

INDE  X* 

N/A 

42 

DENSITY  48  F 

ATM.  PRESS.  N/A 

49 

fineness  %  thru 

SO  M* 

N/A 

43 

Biv  PER  CU  FT 

N/A 

so 

fineness  %  thru 

200  M* 

N/A 

41 

Bfv  PER  LB 

N/A 

64 

INPUT-OUTPUT 

EFFICIENCY  OF  UNIT  % 

ITEM  31  .  100 

ITEM  29  77. 

8 

MEAT  LOSS  EFFICIENCY 

Bfw/lb 

A.  F.  FUEL 

HEAT  LOSS  DUE  TO  DRY  GAS 

1762.9 

HEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL 

EH as 

HEAT  LOSS  DUE  TO  H,0  FROM  COMB  OFH, 

1354.7 

MEAT  LOSS  DUE  TO  COMBUST.  IN  REFUSE 

HEAT  LOSS  DUE  TO  RADIATION 

TlNMF  aSURED  l  OSSES 

TOTAL 

EF  FIOENCY  -  <100  -  Item  71) 

-  -  - 

CO, 
O 


CO 


N,  (BY  DIFFERENCE) 


excess  air 


13a5 

%  VOL  n  Q 


_2.-9.  . 
.J3..JXL 

%vol|  83.6 


N©t  NequMtd  (or  E  M»cieney  T«Hi«g 
I  Foe  Point  of  St*  Pot.  7.2.8.1-PTC  4.1*1964 


SUMMARY  SHEET 


ASME  TEST  FORM 

FOR  ABBREVIATED  EFFICIENCY  TEST 


PTC  4.l.o(1964) 


Test  conducted  by _ Seaworthy  Engine 

boiler  make  a_TYP£  Bigelow  KS  20 

stoker  type  4  sizr  N/A 

pul  .  c  pizer.  type  4  size  N/A 

FUEL  USE 0  Oil  mine  N/A 


PRESSURES  &  TEMPERATURES 


STEAM  PBESSUBE  IN  BOILER  DRUM 

STEAM  PRESSURE  AT  S  H  OUTLf  T 
steam  PRESSURE  at  r  h.  INLE  t 


Post  Lone  Term  Neat  Oil _ L5lL!!£__l _ boiler  no.  3  pate  5/4/81 

st  Guard  location  New  London.  CT 


Seaworthy  Engine  Systems  _  .  objective  of  TesTMpafilirp  rffHrTPnry  duration 
Bigelow  KS  20  .  _  hated  capacity  2g( 500  lbs/hr 


BUBNf.S  SlZE.(No)  116-82  (2) 

STATE  n/A  size  AS  FIREON/A 


fuel  Data 


S  t_E_am  P RJ_SSU R E  a  T  R  H  QUTt  e  t _ 

STEAM  TEMPERA  .'URE  AT  OUTLET 


STEAM  TEMPERATURE  AT  R  m  inlet 


steam  temperature  AT  R  h  outlet 


water  TEMP  ENTERING  (BOILER 


STEAM  QUALITY'.  MOISTURE 


AIR  TEMP  around  BOILER  (AMBIENT) 


TEMP  AIR  FOR  COMBUSTION 
(Thit  .»  Rel.renc.  T btwobfolwtt)  I 


TEMPERATURE  OF  FUEL 


CAS  TEMP.  LEAVING  (Bo. I.r) 


U  GAS  TEMP.  ENTERING  AH  (l(  condition.  *0  b« 
cortf  t  Ird  *0  auo.onlt.) 


UNIT  QUANTITIES 


ENTHALPY  OF  SAT.  LIQUID  (TOTAL  HE  ATI 


It  ENTHALPY  OF  (SATURATED 
STM 


ENTHALPY  OF  SAT.  FEED  TO  (BOILER) 


COAL  AS  FIRED 
PROX.  ANALYSIS 

mOiS’URE 

VOL  MAT  TER 

FIXED  CARBON 


Biu  Dtf  lb  AS  FIRED 


ASH  SOFT  TEMP. 
ASTM  ME  THOD 


COAL  OR  OIL  AS  FIRED 
ULTIMATE  ANALYSIS 


SI  [FLASH  POINT  f  Uq 
5?  Sp  G.o.tty  U  I 

VISCOSITY  AT  SSU- 
53  BURNER  89 


TOTAL  HYOROGEN 


297.6 


Bto/lb  1181.3 


ASH 


MOISTURE 


0.37 


0.003 


CO 


CH.  METHANE 


N/A 


C^H,  acetylene  n/A 


Cj  H.  ETHYLENE 


C,H.  ETHANE 


H,S 


N/A 


H,  HYDROGEN  |  N/A 


IB  I  ENTHALPY  OF  REHEATED  STEAM  R.H.  INLETJBiu.  lb 


19 


enthalpy  of  reheateo  steam  r.  h 

OUTLET  Bip/lb 


20  MEAT  ABS.  LB  OF  STEAM  (ITEM  It  -  ITEM  I  71  Bi„lb 


21  HEAT  aBS.LB  R.H.  STEAMIITEM  19-ITEm  IB)  B.»/lb 


22  I  DRY  REFUSE  (ASH  PIT  ♦  FLY  ASM)  PER  LB  f 

I  AS  FIRED  FUEL  _  _  I  lb/lt 


flip  PER  LB  IN  REFUSE  (WEIGHTEO  AVERAGEllfWIb 


CARBON  BURNED  PER  LB  AS  FIRED  FUEL  Ib/lb 


TOTAL 


COAL  PULVERIZATION 


TOTAL  HYDROGEN  n/A 

%  wl 


48 

GRINDABILITY 

INDEX* 

N/A 

62 

DENSITY  68  F 

ATM  PRESS.  N/A 

49 

FINENESS  %  THRU 

50  M* 

N/A 

63 

Biu  PER  CU  FT 

N/A 

SO 

FINENESS  %  THRU 
200  M* 

N/A 

41 

Biu  PER  LB 

N/A 

INPUT. OUTPUT 
EFFICIENCY  OF  UNIT  t, 


ITEM  31  *  100 

ITEM  79 _ 

I  Btw/lb 


MEAT  LOSS  EFFICIENCY 


65  HEAT  LOSS  DUE  TO  ORY  CAS 

66  MEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL 


DRY  GAS  PER  LB  AS  FIRED  f  UF  L  BURNED  J  Ib/lb  I  18.5  67  I  mEa!  LOSS  DUE  TO  M,0  FROM  COMB  0FH; 

HOURLY  QUANT  ITUS  4-  68  J  HE  a  T  l  OSS  DUE  TO  ^X^UvT  T^ReTusF 


! _ _  78,4 

6tw/lb  I  %  of  A.  F 

A.  F.  FUEL  I  FUEL 

|T78_ 

_ 

6.,2._ 


HOURLY  QUANTITIES 
actual  WATER  evaPORaTID 
REhEaT  steam  FLO* 

RATE  OF  FUEL  FIRING  (AS  FIRED 

29  |  TOTAL  HEAT  INPUT  78  *  41  * 

I  1000 

30  I  ME  A  T  OU  T  PUT  IN  BLOW  OOwN  WATER 


11143.0  69  MfA  T  LOSS  DUE  TO  RADIATION 
N/A  70  unme  asured  t  osses 
733.0  >i  total  "  _■  ]  . 

14091.8  ,J  efficiency  -  (ioo  -  it.™  7i) 

N/A 


J  1  L  ■  I ....  7A.  Itp...  20’  .(It...  77  U'.  •  ;i .  •  I'r-  TC  k  rt  h.  1 

oO?PUT  U00  1  105 1.4) 


FLUE  GAS  ANAL  IBOILERMECON)  (AIR  HTR)  OUT 


Not  Required  lor  EM»C*#«Cy  Tetlirsg 
F  o»  Point  ol  St*  Po».  7.2.8.I»PTC  4.1*1964 
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SUMMARY  SHEET 


ASME  TEST  FORM 

FOR  ABBREVIATED  EFFICIENCY  TEST 


Post  Long  Term  Neat  Oil 

_U • S .  Coast  Guard _ 

Seaworthy  Engine  Systems 

Bigelow  KS  20 

N/A 


ownc ft  of  plant  _ y . S .  Coast  C 

1 E st  CONDUC  t t o  by  Seaworthy  _Er 

BOIUEB  make  &  TYPE  Bigelow  KS  2 

iTO*f»  TYPE  A  Wf  M/A 

Pul  .  e  sizes,  type  a  si.'E  N/A 

fuk  used _ Oi  1 _ mine 

PRESSURES  A  TEMPERATURES 


STEAM  PRESSURE  IN  HOI  ICR  DPUM 

steam  PRE  SSURE  ATS  m  Oil  !i  I  : 

STEAM  PRE  SSURE  A  T  R  H  INI  t  ^ 

S  T  E_AM  PRESSURE  AI  R  M  OU  T  t  f  T  _ 

STEAM  TEMPERATURE  AT  OUTLET 

STEAM  TEMPERATURE  AT  R_H  in _LJJ__ 

STEAM  TEMPERATURE  AT  R  h  OUTLET 

WATER  TEmP  ENTERING  (BOILER 


STEAM  QUA  LI  rrr.  MOISTURE 


AIR  TEMP  AROUND  BOILER  (AMBIENT) 


TEMP  AIR  FOR  COMBUSTION 
(TK<*  <»  R*l«r*nc*  T«mp«.o*u»«)  T 


TEMPERATURE  OE  FUEL 


GaS  TEmP.  LEAVING  (Bo. I..) 


UNIT  QUANTITIES 


ENTHALPY  OF  sat.  LIQUID  (TOTAL  MEAT) 


ENTHALPY  OFISATURATED 
STm 


enthalpy  OF  sat.  FEED  to  (BOILER) 


T l  ST  NO  2 _ BOILER  NO. 

L0CA T  ,0" _ New  London.  CT 


PTC  4.1-0(1964) 


°*TE  5/5/81 


objective  of  test,, 


rated  capacii  y 


28,500  lbs /hr 


burner^  SIZE  (No)  116-82  (2) 
Tt  N/A  as  fired n/A 


N/A 

220.2 


0.55 


70 


77.3 


120.6 


Blstili__2.9a.jE. 

o.u/ik  1182.3 


enthalpy  of  reheated  steam  b.h.  inlet IBtu.  lb 

enthalpy  of  reheated  steam  r  H 

OUTLET  _  . . .  .  Bio '  lb 

HEAT  ABS  LB  OF  steam  (ITEM  IF  -  ITEM  I  7  >  Bio  lb 

HEAT  aBSLQ  RH  STEAMIITEM  19  -  IT  E  m  18lBiolb 

DRY  REFUSE  (ASH  PIT  •  fly  A$MI  per  18 

AS  FIRED  FUEL _ _ _ Ib'lb 

Bio  PER  L  8  IN  REFUSE  (WEIGHTED  AVE  RAGE!  Bio/lb 
CARBON  BURNED  PER  LB  AS  FIRED  FUEL  I  b  /  I  b 

DRY  GAS  PER  LB  AS  FIRED  (Ufl  BURNED  lb  lb 
HOURLY  QUAMTITIES 

ACTUAl  WATER  f  VAPO®*  ’(  i>  lb  b. 

REHEAT  STEAM  FLOW  lb  b. 

RATE  OF  FUE  L  FIRIF'G  (AS  FIRE  I-  ..)  Ib  b. 

total  heat  input  I1'""  i’*1  *  J,)  in/k. 


--N/A 

994.1 


total  heat  input  I1'"”  i’*  *  J 
10(10 

MEAT  OU  T  PU  :  IN  ill  0»  (10  WN  »A  I  [  R 


Htlr1  . .  ,r  ’  •  1, 

OUTPUT _ I  300  _ 1 _ J 

FLUE  GAS  ANAL.  (BOILERMECON)  IAIR  HTHI  OUTLET 


to, 

O, 

CO _  ,,  , 

N,  (BY  OlFFERf  nl  f  l 
E  *CE5S  AIR 


12 

.0 

5. 

0 

0. 

03 

83 

.0 

28 

.9 

N/i 

FUEL  DATA 


COAL  AS  FIRED 
HROX.  ANALYSIS 

mOiS’URL 

vol  mat  t  e  p 

FIXED  CARBON 
ASH 


52  Sp.  G'OV*y 

VISCOSITY  AT  SSL  * 

53  BURNER  _ _ 

TOTAL  HYDROGEN 


No  Dat 
0.9194 
124 


ASH  SOF  T  TEmP.- 
ASTM  ME  THOO 


COAL  OR  OIL  AS  FIRED 
ULTIMATE  ANALYSIS 


SULPHUR 


ASH 


COAL  PULVERIZATION 


GRINDABIUTY 
INDE  >• 

fineness  THRU 

SO  M* 

FINENESS  U  THRU 

_  200  m- 

INPUT-OUTPUT 
E  F  FICIE  NC  Y  OF  UNIT 


N/A 

N/A 

67 

63 

N/A 

4  f 

Biw  PER  LB 

ITEM  31  .  100 

ITEM  79  _ 

I  Btu/lb 


11349.9 
N/A 

744.8 

14318.9 
N/A 

1 1282.4 


heat  LOSS  EF  FICIENCY  _  A.  F.  FUEL 

HEAT  LOSS  DUF  TO  DRY  GAS  1471 

HEAT  LOSS  DUE  TO  MOl STURT  IN  FUEL  1 
III  A  T  I  US'.  OUF  TO  H,0  F  ROM  COMB  OF  M,  1328 

Mf  a  T  V  OSS  DUE  to  COMBUST  IN  REFUSE  _ 

Ml  ft  :  l  os’.  Dllf  TO  PADIA  TION  --- 

UNMi  ASVJpf  '  t  OSSI  s  - 

TOTAL 

»  n  00  -  I  fern  1  )  ) 


%ol  A  F 
FUEL 


mm 


SUMMARY  SHEET 


ASME  TEST  FORM 

FOR  ABBREVIATED  EFFICIENCY  TEST 


PTC  4.  l-o  ( 1964) 


owner  of  plant _ U.S.  Coast  Guard _  location  New  London.  CT 

UST  conducted  Sr  . SjMworthyJEngine. .Systems  objective  of  TESTM„a<.,ir<>  Fff 

boiler  make  a  type  Bigelow  KS  20  Rateoc 

s’OKf  «  IYPF  A  SIZE  N/A 

Pui  .f  BI7ER.  type  A  ii/E  N/A  BURNE  K 

FUEL  USED _ Oil _ mine _ N/A _ COUNTY  N/A _ STATE  n 

PRESSURES  A  TEMPERATURES  FUEL  DAT 


noil.  £  R  MAKE  A  TYPE 

'■.’OKfH  typf&size 


steam  pre ssure  in  qoile  s  r*iiM 


»a<uirp  F.ffiri*nry  °URa  t  IOn4 . 2 

RATE°CAP*r,,Y28,500  lbs/hr 

(,URNfK>  SlZE(No)  116-82  (2) 
STATE  N/A  SI2E  AS  EIREDN/A 

FUEL  DATA 


STEAM  PRESSURE  at  s  H  Oulu  : 
STEAM  PRC  SSURE  AT  R.  M.  INI  E  T 

st e^m  pressure  at jr.  m  outle  t. _ 

STEAM  TEMPERATURE  AT  OUTLET 


STEAM  TEMPERATURE  at  R  m  inlet 


STEAM  TEMPERATURE  AT  R  H  OUTLET 


COAL  AS  FIRED 
PROX.  ANALYSIS 

mOIStURE 

vol  matter 

FIXED  CARBON 

ASH 


SI  I  F  L  ASH  POINT  F 
5? 

I  VISCOSITY  AT  SSU 
S3  BURNER 


TOTAL  HYDROGEN 

%  -i 


Bfu  o«r  lb 


No  Dat 


19224 


water  temp  entering 


(BOILER) 


.  ? _ STEAM  QUALITY -.MOISTURE _ 

10  AIR  TEMP.  AROUND  BOILER  (AMBIENT) 
l  ,  TEMP  AIR  FOR  COMBUSTION 

_ _ (Tki«  It  Rt(«f«i<«  TfWHMtunl  t _ 

12  TEMPERATURE  OF  FUEL 

J_2__  CaS  TEMP,  LEAVING  IBo.I.O _ 

I  i  CAS  TEMP.  ENTERINC  AM  (II  [aN.»MI  IO  b* 

_  CPMCWJ  ta  i.«ii«w«) _ 


A 

219.7 


81.9 
120. 2 

415.9 


ASM  SOFT  TEMP.- 
ASTM  ME  THOD 


COAL  OR  OIL  AS  FIRED 
ULTIMATE  ANALYSIS 


UNIT  QUANTITIES 


ENTHALPY  OF  SaT.  LIQUID  (TOTAL  MEAT)  lBtw/lb  I  299.1 


ENTHALPY  OF  (SATURATED 
STM 


ENTHALPY  OF  SAT.  FEED  TO  (BO(LER) 


wib  1182.5 


Biw/lb 


ENTHALPY  OF  REHEATEO  STEAM  R.M.  INLET| 


ENTHALPY  OF  REHEATED  STEAM  R.  H 
OUTLET 


20  MEAT  ABS  LB  OF  STEAM  (ITEM  IE -ITEM  121 


21  HE  AT  ABS.  LB  R.  H.  STE  AMIITEM  19  -  ITEM  H)|b,„.  lb 


22  DRY  REFUSE  (ASM  PIT  •  FLY  ASM)  PER  LB 

_  AS  FIREP  FUEL _ IbJlb 

23  B*.  PER  LB  IN  REFUSE  (WEIGHTED  A VE  RACE  I  Bt»/lb 


CARBON 

BURNED  PER  LB  AS  fireo  FUEL 

DRY  GAS 

PER  LB  AS  FIRED  F  UEL 

BURNED 

HOURLY  QUANTITIES 

ACTUAL 

WATER  E  VAPORA  T 1  0 

RFHE  a  T 

steam  flow 

Rate  OF 

FUE  L  FIRING  (AS  FlREf? 

total  h 

It  A  T  INPUT  tlltm  28  «li 

4J  ) 

»oeo 

MEAT  OUTPUT  in  BLOW  down  »  a 

TEW 

Total 

MEAT 

r*»-  .V  •  ,'C  >  *(l  '  *1  *p-’ 

Pit  .  TC 

output 

1000 

CO 


CM.  METHANE  N/A 


N/A 


C,M.  ETHYLENE  N/A 


C,H.  ETHANE 


H,s 


6  [  CRINDABILITY 
!  INDEX- 


FINENESS  %  THRU 
50  M- 


FIHENESS  %  THRU 
200  M  • 


TOTAL  MYDROCEN 
%  .1 


62  DENSITY  6B  F 

ATM  PRESS  N/A 


Btu  PER  LB 


INPUT.OUTPUT 

ITEM  31 

•  100 

EFftCtENCY  OF  UNIT  % 

ITEM 

TV 

HEAT  LOSS  EFFICIENCY 

A.  f.  1 

:UEL 

HEAT  LOSS  DUE  TO  DRY  CAS 


66  [MEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL 

67  I  HEAT  LOSS  DUE  TO  MtO  FROM  COMB  OF  hJ  1223 

'  hE  a  T  L  OSS  DUE  TOCOMBUSf  hTrE  FUSE  _ _ 

65  MEAT  I  OSS  DUE  TO  RADIATION  |~  ___ 

70  UNMI  ASURE  D  l  OSSE  S  _ 

71  TOTAL 
EFFICIENCY  •  (100  -  It.m  7I| 


1455.3 


FLUE  CAS  ANAL.  (BOILCRHECON)  (AIR  htri  outlet 


32  C0; 

V)  O, 
JA  CO 


N,  (BY  DIFFERENCE! 


f  XCESS  AIR 


Not  R.quittd  lot  Ellicooc.  Tool 
Fot  Poitii  ol  Meotutomonl  Sto  Pi 


E-25 


SUMMARY  SHEET 


ASME  TEST  FORM 

FOR  ABBREVIATED  EFFICIENCY  TEST 


PTC  4.  l-o  (  1964) 


o»Ntw  of  plant _ y . § .  Coast  Guard 

ust  conducted  by  .  Seaworthy  Engine 

ooil£«  MAKf  i  fvpf  Bigelow  KS  20 

'i-'.OKt  r  t ypf  &  si z r  N/A 

pul  .  C  nijER.  type  4  si/r  N/A 
Putt  USED  Oil  mine  N/A 


PRESSURES  &  TEMPERATURES 


STEAM  PRESSURE  IN  BOILER  DRUM 

STEam  PRESSURE  AT  S  h  OUTLET 
3  I  steam  pressure  at  r  m  INLE  T 

S  TEAM  PRESSURE  A  T  R  H  OUTLET  _ 

STEAM  TEMPERATURE  AT  OUTLET 


STEAM  TEMPERATURE  AT  R  h  INLET 


STEAM  TEMPERATURE  AT  R  H  OUTLET 


.  BOILER  NO 


U.S.  Coast  Guard _  _ _ . ..  location  New  London.  CT _ 

Seaworthy  Engine  .Systems  OOJECTIV£  0f  lts,M>asnrp  Fffiripnry 
Bigelow  KS  20  rated  capacity 


duration  4  jju 

28,500  lbs/hr 


»ATER  TEMP.  ENTERING 


i BOIL  £  R) 


steam  quality?;  moisture 


AIR  TEMP.  AROUND  BOILER  (AMBIENT) 


,,  temp  air  FOR  COMBUSTION 

(Thi»  i»  RcIlllACt  T,wpirolufc)  I 


TEMPERATURE  OF  FUEL 


CAS  TEMP.LEAVINC  (Boil./) 


Cas  TEmP.  Entering  ah  (il  foA^iiioni  to  b. 

_ to//«ci.d  ■.  qoo/on*..) _ _ _ _ _ _ 


unit  QUANTITIES 


E  NTHALPY  OF  sat.  LIOUIQ  (TOTAL  HEAT ) 


16  ENTHALPY  OF(SATURATED 

stm 


ENTHALPY  OF  SAT.  FEED  TO  (BOILER) 


_L80.jQ_ 

l»  ENTHALPY  OF  REHEATED  STEAM  R.  H.  INL  E  TlBio.  lb  N/A 

,,  enthalpy  of  reheated  steam  r.  m 

__ _ OUTLET _  _  Bio  lb  1.N/A 

JO  meat  ABS.'LB  OF  STEAM  (ITEM  16  -  IT  EM  I  7>  B>,  lb  „ 

_ _ ....  _ 996.2  | 

Jl  MEAT  ABS.'LB  R.M.  STEAMIITEM  19-ITEM  I ei  Bio  lb 

JJ  ORY  REFUSE  (ASM  pTt  •  fly  ASH)  PE  R  l  B 

AS  FIREO  FUEL _ lb- lb  N/A 

Biu  PER  LB  IN  REFUSE  (WEIGHTED  AVERAGE)  Bio/lb  N/A 

carbon  burned  per  lb  as  fired  fuel  ib/ib  o.87 

DRY  Gas  per  LB  as  FIRED  f  UE  L  BURN  f  O  lb  lb  17.2 

HOURLY  QUANTITIES 

actual  water  EVAPORATED  ■ 

reheat  steam  FLOW 
Rate  OF  FUEL  FIRING  (AS  FIRED  -•) 

79  TOTAL  HEAT  INPUT  (•>»<"  78  *  It.m  41) 

1000 

30  H  £  a  T  OUTPUT  IN  OLOw  down  WATER 

jl  H£aTL  •’O'-C-  "  ? . . 

OUTPUT  1000 


FLUE  CAS  ANAL.  IBOILERMECON)  (air  hTR)  OUTLET 


BURNER  SI?.E(  No)  116-82  (2) 

STATE  N/A  SUE  AS  I  IRE  U  N /A 

FUEL  DATA 


COAL 

AS  FIRED 

HROX. 

ANALYSIS 

MOlS 

TURE 

vOi 

MATTER 

FIXE 

D  CARBON 

[  ASH _ 

TOTAL 

sj  ihash  POINT  I-  |No  Dat 

sj  Sp  Giovti,  0.9194 

viscosit  y  at  ssu- 

53  BURNER _  136 

total  hydrogen  I 


ASM  SOF  T  TEMP. 
ASTM  ME  THOD 


COAL  OR  OIL  AS  FIRED 
ULTIMATE  ANALYSIS 


HYDROGEN  12.26 


OXYGEN 


NITROGEN 


SULPHUR 


ASH 


MOISTURE 


TOTAL 


COAL  PULVERIZATION 


crindability 
INDE  X* 


FINENE  SS  %  THRU 
SO  M* 


CO 

CH, 

methane 

C.H, 

acetylene 

C,H. 

ethylene 

C.M. 

E  THANE 

m.s 

TOTAL  HYDROGEN 
S  —l 


67  DENSITY  68  F 

I  ATM  PRESS  N/A 


63  Biu  PER  CU  FT 


Btv  PER  LB 


INPUT- OUT  PUT 

ITEM  31 

EFFICIENCY  OF  UNIT  % 

ITEM 

79 

HEAT  LOSS  EFFICIENCY 

If 

31618.7 

N/A 

,2235.1 

42967X 

N/A 

! 

314976 


ME  AT  LOSS  DUE  TO  DRY  GAS  2535 

MEAT  LOSS  DUE  TO  MOISTURE  in  FUEL  1 
IICAI  LOSS  DUE  TO  H,0  FROM  COMB  OTH,  1470 

H(  AT  LOSS  DUE  TO  COMBUST  Tn’rEFUSE  _ 

MEAT  (OSS  DUE  TO  RADIATION  _ 

UNM{  ASUR(  D  l  OSSES  - 

total 

(HlfllNCY  (100  -  ll.nt  7  I  ) 


N,  (BY  DIFFERENCE! 


EXCESS  AIR 


No*  °rquiifrf  ♦©»  f  ilituncf  liilmq 

F  o»  Pom  ol  Mfoiui»m*nl  Pp*.  7.2.8.1-PTC  4.1-1964 


SUMMARY  SHF FT 


Is: 

Owner  OF  plant _ U.S.  Coast  Guard  _  location  New  London.  CT 


ASME  TEST  FORM 

FOR  ABBREVIATED  EFFICIENCY  TEST 


Post  Long  Term  Neat  Oil  test  no  < 


J  ** T  conducted  BY _ Se aworthv  Engine  Systems _ active  of  TESTMpaglir<t  vffi 


PTC  4. 1-0(19641 


Date  5/6/81 


boiler  make  &_type  Bigelow  KS  20 

stoker  type  a  size  N/A 

PULVERIZER,  type  4  SIZE  N/A 

FUEL  USED _ Oil _ MINE  N/A 


PRESSURES  &  TEMPERATURES 


steam  PRESSURE  in  boiler  DRUM 

steam  pressure  At  S  M  OUTLE  I 
STEAM  PRESSURE  AT  R  II  INLE  T 


rated  capacity 


,  Duration  4  jjj 

28, 500  lb.s/h 


COUNTY 


BURNE  “»  SIZE  (No.)  116-82  ( 2 
state  N/A  SIZE  AS  FIRE0N/A 


FUEL  DATA 


STEAM  PRESSUR  E  aTR.JIOU  T  L  E  J _ 

STEAM  TEMPERATURE  AT  outlet 


STEAM  TEMPERATURE  AT  r  h  INLET 


STEAM  TEMPERATURE  at  R  m  OUTLET 


WATER  TEMP  ENTERING  (BOILER 


STEamOUALITYT.  MOISTURE 


AIR  TEMP.  AROUND  BOILER  (AMBIENT) 


,,  TEMP  AIR  FOR  COMBUSTION 

(Tbit  ii  Reference  Tompe.oture)  I 


TEMPERATURE  OF  fuel 


Gas  TEMP,  leaving  (Boiler) 


GAS  TEMP.  ENTERING  AH  (If  condnion,  la  be 
c  or  re  cied  to  owo.onloel _ _ 


UNIT  QUANTITIES 


ENTHALPY  OF  SAT.  LIQUIO  (TOTAL  HEAT) 


16  ENTHALPY  OF  (SATURATED 

STM  _ 


ENTHALPY  OF  SAT.  FEEO  TO  (BOILER) 


COAL  AS  FIRED 
PROX.  ANALYSIS 

37 

moisture 

38 

VOL  matter 

39 

fixeo  carbon 

H 

ASH 

TOTAL  1 

n 

Biu  ooi  lb  as  FIRED 

ASH  SOFT  TEMP.- 
ASTM  ME  THOO 

OIL 

51  1LASH  POINT  F  ;._.  No._Da 

$0.  Crovlly  0.919 

VISCOSITY  AT  SSU 


oQDHHH 


75.9 


121.1 


611.4 


COAL  OR  OIL  AS  FIRED 
ULTIMATE  ANALYSIS 


CARBON 


HYDROGEN 


OXYGEN 


302.0 


e.o/ib  1178.0 


ASH 


MOISTURE 


12.26 


0.09 


0.19 


0.37 


0.003 


0.09 


C,H,  ACETYLENE 


c, h.  ethylene  N/A 


C,H,  ETHANE 


H,  S 


i9Hm 


I 


18  ENTHALPY  of  REMEATEO  steam  R.H.  INL£T|b»u/U»  I  N/A 


19 


ENTHALPY  OF  REHEATEO  STEam  R.  H 

_  OUTLET _ 

Vi  EAT  ABS  L  6  OF  STEAM  (ITEM  16  -  ITEM  17) 


?l  HEAT  ABS.  LB  R.H.  STEAMdTEM  19 -ITEM  IB)  Bi«/lb 


77  ORY  REFUSE  (ASH  PIT  ♦  FLY  ASH)  PER  LB 


. . . 

AS  FIRED  FUEL _  1  lb/lb  I  N/A 


B>u  PER  LB  IN  REFUSE  (WEIGHTEO  AVERAGE)  B<u/lb 


CARBON  BURNED  PER  LB  AS  FIRED  FUEL  llb/lb 


DRY  CAS  PER  LB  AS  FIRED  TuEL  BURNED  |  lb/lb 


HOURLY  QUANTITIES 


ACTUAL  water  evaporated  |  Ib-b. 


REHEAT  STEAM  FLOW  |lb/b< 


RATE  OF  FUEL  FIRING  (AS  FIRED  -.1 _ _ 

79  I  TOTAL  HE*T  INPUT  (liem__78  »  l,»“.^.U 

_ j _ _ _ 1000  _ 

30  I  HEAT  OUTPUT  IN  BLOW  DOWN  WATER  IkB/h.  I  m/a 


total 


COAL  PULVERIZATION 


grindability 

INDEX- 


FINENESS  %  THRU 
50  M- 


FINENESS  %  THRU 
200  M’ 


INPUT. OUTPUT 


DENSITY  60  F 

ATM.  PRESS.  ti/t 


Btv  PER  LB 


ITEM  31  ■  100 


i  HEAT  loss  efficiency 

6tu/lb 

A.  F.  FUEL 

6S 

HEAT  LOSS  DUE  TO  DRY  GAS 

2078 

66 

HEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL 

1 

67 

HEAT  LOSS  DUE  TO  H,0  FROM  COMB  OF  H, 

1431 

68 

HEAT  LOSS  DUE  TO  COMBUST.  IN  REFUSE 

_ 

69 

HEAT  LOSS  DUE  TO  RADIATION 

— 

70 

UNMFASURED  losses 

— 

71 

TOTAL 

7? 

EFFICIENCY  -  (100  -  Item  71) 

HEA*L  lii!"  7(,-J.'em..’0l  71)  •  I'em  3C  It  Q/hr  I 

OUTPUT _ 1000 _ _ _ 2 

FLUE  GAS  ANAL.  (BOIL E R) (E CON)  (AIR  HTR)  OUTLET 


33 

CO, 

%  VOL 

13 

33 

0, 

%  VOL 

?4 

CO 

*  VOL 

A  A1 

3} 

N,  (BY  DIFFERENCE) 

*  VOL 

83.1  _ 

34 

EXCESS  AIR 

% 

17.4 

*  N«1  Riqwirid  for  Efficiency  Totting 

I  For  Point  of  Mootwromont  Soo  Por.  7,2.8.I*PTC  4,1-1964 


E-27 


A.SME  TEST  FORM 

SUMMARY  SHEET  FOR  ABBREVIATED  EFFICIENCY  TEST  pTC  4.  l-o  ( 1964) 


Test  Series; _ 

Post  Long  Term  Neat  Oil 

TEST  NO  f, 

BOILER  NO.  •*  DATE  5/7/81 

Owner  op  PLANT 

U.S.  Coast  Guard 

LOCATION  New 

London .  CT 

TEST  CONDUCTED  BY 

_ Seaworthy  Engine  Systems 

OBJECTIVE  OF  T£iTMeasure  EfflrTgney  OURaTiqn  4  jjg] 

BOILCB  MAKE .*_t_v.?5. _  _ Bigelow  KS_ 20 _  _ rateo  capacity  ib*/hr 

STOKER  TYPE  &  SIZE  N/A 


pulverizer.  Type  &  Size  N/A  _ _  _ _  ourner^  SIZE(No_)  116-32  (2) 

FUEL  USEO  Oil _ MINE  N/A _ COUNTY  N/A _ STATE  fl/A  SIZE  AS  PIREPN/A 

PRESSURES  &  TEMPERATURES  FUEL  DATA 


1 

STEAM  PRESSURE  IN  0OILER  ORUm 

Pft'O 

_N/A_ 

COAL  AS  FIREO 
PROX.  ANALYSIS 

%  «t 

OIL 

7 

STgAM  PRESSURE  AT  $  M  OUTLET 

p  *40 

37 

MOISTURE 

N/A 

51 

flash  point  f- 

3 

STEAM  PRE  SSURE  AT  R.  M.  inLE  T 

ps*o 

N/A 

N/A 

38 

VOL  MATTER 

NZA. 

57 

Sp.  Grovily 

0.9194 

4 

steam  pressure  atr.h.  outle  t 

Pftio 

39 

FIXED  CARBON 

N/A 

S3 

VISCOSITY  at  ssu- 
BURNER 

132 

s 

steam  TEMPERATURE  at  outlet 

F 

329.7 

40 

ASH 

JA/A__ 

44 

TOTAL  HYDROGEN 
X  -i 

12.26 

6 

steam  TEMPERATURE  AT  R  h  inlet 

F 

N/A 

TOTAL 

41 

Btw  per  lb 

19224 

7 

steam  TEMPERATURE  at  r.m.  outlet 

F 

N/A_ 

41 

Btu  per  lb  AS  FIRED 

N/A 

8 

water  TEMP  ENTERINC  [BOILER) 

F 

210.6 

41 

ASM  SOFT  TEMP.- 
ASTM  METHOO 

N/A _ 

CAS 

%  VOL 

<7 

STEAM  OUALITYG  moisture 

% 

0.50 

COAL  OR  OIL  AS  FIREO 
ULTIMATE  ANALYSIS 

54 

CO 

N/A 

10 

AIR  TEMP,  around  BOILER  (AMBIENT) 

F 

75 

41 

CARBON 

87.00 

SS 

CH.  METHANE 

N/A 

II 

TEMP  AIR  FOR  COMBUSTION 
(This  •»  Rfltitnct  Temperotvre)  1 

F 

72. 4 

44 

HYDROGEN 

12.26 

56 

C,H,  ACETYLENE 

N/A 

1} 

TEMPERATURE  of  fuel 

F 

123.1 

4S 

oxygen 

0.09 

57 

C,H.  ETHYLENE 

N/A 

13 

CAS  TEMP.  LEAVING  (Boil..) 

F 

653.0 

46 

NITROGEN 

0.19 

58 

C,M,  ETHANE 

N/A 

14 

CAS  TEMP.  ENTERINC  AH  (II  conditions  to  bo 
corrected  to  oworontee) 

F 

N/A 

47 

SULPHUR 

0.37 

S9 

H,S 

N/A 

UNIT  QUANTITIES 

40 

ASH 

0.003 

60 

CO, 

N/A 

IS 

ENTHALPY  OF  SAT.LIOUID  (TOTAL  HEAT) 

Btu/lb 

301.9 

37 

MOISTURE 

0.09 

61 

H,  HYDROGEN 

N/A 

16 

ENTHALPY  OFISATURATED 

STM. 

Btu/lb 

1183.6 

TOTAL 

TOTAL 

17 

enthalpy  of  sat.  feed  to  (boiler) 

Btu/lb 

178.6 

COAL  PULVEhlZATION 

TOTAL  HYDROGEN 

%  wt 

N/A 

18 

enthalpy  op  REHEATED  STEam  R.  h.  INLET 

Btu/ 1 b 

N/A 

48 

CRINDABIUTY 

INDEX’ 

N/A 

61 

DENSITY  68  F  .  1 

ATM.  PRESS.  N/A  | 

19 

enthalpy  of  reheated  STEAM  R.  H. 
outlet 

Btv/lb 

N/A 

49 

FINENESS  %THRU 

50  M* 

N/A 

63 

Btu  PER  CU  FT 

N/A 

10 

HEAT  ABS.'LB  of  STEAM  (ITEM  16-ITEM  17) 

Btu 'lb 

1005.0 

SO 

FINENESS  %  THRU 
TOO  M- 

N/A 

41 

Btu  PER  LB 

N/A 

11 

HEAT  ABS.'LB  R.M.  steam  (ITEM  19-ITEm  181 

Btw  /  lb 

N/A 

64 

INPUT. OUTPUT  ITEM  31  •  100  1 

EFFICIENCY  OF  UNIT  %  ITEM  19  74.9  f 

1? 

DRY  REFUSE  (ASH  PIT  ♦  FLY  ASM)  PER  LB 

AS  fireo  fuel 

lb/lb 

N/A 

NEAT  LOSS  EFFICIENCY 

Bvw/lb 

A.F.  FUEL 

%  •«  A.  F, 
FUEL 

1] 

Btu  PER  LB  IN  REFUSE  (WEIGHTED  AVERAGE) 

Btu/lb 

N/A 

65 

HE  AT  LOSS  DUE  TO  DRY  CAS 

2336 

12.1 

14 

CARBON  BURNEO  PER  LB  AS  FIREO  FUEL 

lb/lb 

O.J57 

66 

HEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL 

1 

0.0 

IS 

DRY  GAS  PER  LB  AS  FIRED  TUEL  BURNED 

lb/lb 

16.8 

67 

HEAT  LOSS  DUE  TO  M,0  FROM  COMB  OF  M, 

1456 

7.6 

HOURLY  QUANTITIES 

68 

HEAT  LOSS  DUE  TO  COMBUST.  IN  REFUSE 

16 

ACTUAL  WATER  EVAPORATED 

Ib'br 

30812.5 

69 

MEAT  LOSS  DUE  TO  RADIATION 

— — 

o-a 

17 

REHEaT  STEam  FLOW 

lb  /Hr 

N/A 

70 

UNMEASURED  LOSSES 

— 

La.  . 

18 

rate  of  fuel  firing  (as  fired  -.1 

f  b/Hr 

2149.3 

71 

TOTAL 

23-6 _ 

79 

“io” 

total  meat  input  ('•••"  7*  4,1 

1000 

bB/h. 

41317.4 

71 

EFFICIENCY  =  (100  -  lt«».  71) 

76.4 

MEAT  OUTPUT  IN  BLOw  OOwN  WATER 

liB/hr 

JfiZA.. 

*  Npt  Required  lor  Efficiency  Te»»if»f 

1  Fot  Point  ol  Meotutomont  $••  Ptt,  7.J.1.1«PTC  4. 1-1964 

Jl 

(Item  76*  Item  70)*(lte*i  ?7^lt_e*i  71 1  *  •  'f*  3C 
OUTPUT  1000 

V  B/br 

30965.5 

FLUE  CAS  ANAL.  (SOU. £ fl)(ECONJ  (AIR  NT  R)  OUTLET 

ii 

CO, 

%  VOL 

.  1  3jJL 

n 

0, 

*  VOL 

4.1 

?« 

CO 

%  VOL 

0.01 

is 

N,  (BY  DIFFERENCE) 

%  VOL 

82.8 

M 

EXCESS  AIR 

* 

22.6 

E-28 


1 

SUMMARY  SHEET 

ASME  TEST  FORM 

FOR  abbreviated  EFFICIENCY  TEST 

PTC  4.1-0(1964) 

_T* 

OWNER  OF  PLANT 


TEST  CONDUCTED  BT 


Post  Long  Term  Neat  Oil  test  no 


location  New  London.  CT 


Seaworthy  Engine  Systems _ objective  of  TESTM<tJ,g„r<>  FfM 


£1115/7/81 


duration  4  }jj 


boil  e  r  _**ake__b_tvpe^ _ Bige  1  ow.  KS  20„ 

stoker  type  &  si 2 c  N/A 

pulverizer,  type  a  size  N/A 

fuel  useo  Oil  MINE  N/A 

PRESSURES  &  TEMPERATURES 


steam  PRESSURE  IN  BOILER  drum 
STEam  PRESSURE  AT  S  H  OtJ  T  L  E  I 


STEAM  PRESSURE  AT  R.  M.  IN  L  E  T 


steam  pressure  at  r.  m.  outle  t 


steam  TEMPERATURE  at  outlet 


steam  TEMPERATURE  AT  R  m  inlet 


steam  TEMPERATURE  AT  R  h  outlet 


- -RAJ11CA_P1C'1T  28 , 500  lbs/h 

. _AURNEk>  SWE(«o)  116-82  (2 

STATE  N/A _ S^E  AS  FIREDN/A 

FUEL  DATA 


WATER  TEMP.  ENTERING 


'BOILER 


9  STEAM  QUALITY?.  MOISTURE _ 

10  AIR  TEMP.  AROUND  BOILER  (AMBIENT) 

,  ,  TEMP  AIR  FOR  COMBUSTION 

_ _  (Tbit  n  R#Ufnc«  T«—p«fol uf)  I _ 

I?  TEMPERATURE  OF  FUEL _ 

IT  CAS  TEMP.  LEAVING  (BoiU.) _ 

14  GAS  TEMP.  ENTERING  AH  (II  conditisn<  to  br 

_  CBtLcltd  to  aMafanltt) 

UNIT  QUANTITIES 


ENTHALPY  OF  SAT. LIQUID  (TOTAL  HEAT) 


16  ENTHALPY  OF  (SATURATED 
STM 


209.8 


78.9 

123.7 

588.8 


ENTHALPY  OF  SAT.  FEED  TO  (BOILER) 


1 


|Biu/lb 


B.u/lb  177<8 


moisture 


VOL  MATTER 
FIXED  CARBON 


ASH 


TOTAL 


Btu  pe  r  lb  AS  FIRED 


ASH  SOFT  TEMP.- 
ASTM  METHOD 


COAL  OR  OIL  AS  FIRED 
ULTIMATE  ANALYSIS 


CARBON 


hyorogen 


OXYGEN 


NITROCEN 


SULPHUR 


ASH 


MOISTURE 


TOTAL 


COAL  PULVEklZATION- 


ENTHALPY  OF  REHEATED  STEam  R  h.  inlet  Btu.  lb 


enthalpy  of  reheated  STEam  r.  h 

OUTLET 


30  HEAT  aBS  LBOF  STEai  item  16-ITEM  171 


31  MEAT  ABS-  LB  R.H.  STEamIITEM  19-ITEm  18) 


33  1  DRY  REFUSE  (ASH  PIT  •  FLY  ASH)  PER  LB 

I  AS  FIRED  FUEL  Ib/lb 


Btu  PER  LB  IN  REFUSE  (WEIGHTED  A  VE  RAGE  I  [Btu/lb 


CARBON  BURNED  PER  LB  AS  FIRED  FUEL  Ib/lb 


ory  Casper  lb  as  fired  rutL  burned  | ib/is 

HOURLY  QUANTITIES 

actual  water  evaporated 

REHEAT  STEam  FLOW 
RATE  OF  FUEL  FIRING  (AS  FIRED  -i) 

39  TOTAL  MEAT  INPUT  4,1 

1000 

30  ME  AT  Ou  TPUT  IN  BLOW  DOWN  »A  I  fc  R  l«  k. 

j  I  lllfm  J0l'|lw«i  )I-I*B-  3  I  r  •  1  *.*».  TC  k  tl  kt 

OUTPUT _  '000 _ g 

FLUE  GAS  ANAL.  (BOILERMECON)  (AIR  MTR)  OUTLET 


c,  H,  ACETYLENE  N/A 


C,M.  ETHYLENE  n/A 


C.H.  ETHANE  |  N/A 


INPUT. OUTPUT 
EFFICIENCY  OF  UNIT 


HYDROGEN 


TOTAL 


TOTAL  HYOROGEN  n/A 


DENSITY  68  F 

ATm  PRESS.  N // 


Btu  PER  CU  FT 


Btu  PER  LB 


ITEM  3)  •  100 
ITEM 


HEAT  LOSS  DUE  TO  DRY  GAS 

2212 

HEAT  1  OSS  DUE  TO  MOISTURE  IN  FUEL 

1 

HEAT  Lt-  DUF  TO  H|0  FROM  COMB  OF  M, 

1416 

MEAT  LOSS  DUE  TO  COMBUST.  IN  REFUSE 

___ _ 

Mt  A  ;  LOSS  DUE  TO  RADIATION 

UNMF  aSURED  losses 

TOTAL 

E  F  FICIENCY  -  (100  -  him  71) 

33 

o 

o 

%  VOL 

12.1 

33 

0, 

\  VOL 

5.2 

34 

CO 

14  VOL 

.0*01 . 

3S 

N,  (BY  DIFFERENCE) 

%  VOL 

JL2_i_7 

36 

EXCESS  AIR 

% 

30-6 

*  No*  Required  lor  EHicimcy  T*»*i«9 
t  F  o*  Point  of  Mootufomont  Stt  Po*.  7.2.B.1-PTC  4.1-1964 


E-29 


UMMARY  SHEET 


ASM  E  TEST  FORM 

FOR  ABBREVIATED  EFFICIENCY  TEST 


°WNE  RJJ  PL  Af<T _ U ,  S .  Coast  I 

I£ST  conducted  by  SeaworthyJE; 

•'Oil  ‘  R  make  A  TYPE  Bigelow  KS 

ro*  f  «  r  ypf  &  M/f  N/A 

F'Ul  .  !  R|/E  R  T  TPf  A  SI/C  N/A 
f  UEL  USED  Oil  “INE 


PRESSURES  4  TEMPERATURES 


STEAM  PR(S SURE  IN  (101 1  E  R  DRUM 

STEAM  PRESSURE  AT  M  Oil  I  L  !  T 
ST£am  PHfSSUT'  AT  R  II  l  N  l  (  T 

STEAM  PRE  SSURE  AIR  M  0(1  1 1  (I  _ 

steam  t empe r a ture  a t  ou t let _ 

STEAM  TEMPERATURE  at  r  m  inlet 


steam  TEMPERATURE  at  R  m  outlet 


Post  Long  Tp  rm  Npat  Oil _ TEST  NO  Q _ BOILER  NO  ^ 

U .  S .  Coast  Guard _ _ _  _  location  New  London.  CT _ 

S.eawo.rthyJEngine  Systems  .  od.i£Ctive  or  TESTMeaslirp  RffEr1pnry 
Bigelow  KS  20  rated  capacity 


PTC  4.  |.0  ( 1964) 


BOILER  NO  -l  DATE 


DURATION  4 

28,500  lbs/hr 


BURNER  SIZE (No) 1 1 6-82  (2) 

state  N/A _ SIZE  AS  E  IREDN/A 


FUEL  DATA 


WATER  TEMP  ENTERING 


(BOILER) 


STEAM  QUALITY'.  MOISTURE 


air  TEMP  AROUND  BOILER  (amBiEnT) 


TEmP  AIR  FOR  COMBUSTION 
(TRi,  i,  Rcf«r«n<«  T inpt'a tur« )  I 


TEMPERATURE  OF  FUEL 


GaS  TEMP.  LEAVING  (Bo. I«.) 


IT  GaS  TEMP.  ENTERING  AM  (If  eondtnon,  to  be 

con.  (Ifd  lo  quoionlrc) _ 


UNIT  QUANTITIES 


ENTMALPTOF  SAT.  LIOUTO  (TOTAL  MEAT) 


Enthalpy  OfisaTuRaTED 
STm 


Enthalpy  of  sat.  feed  to  (boiler) 


101 

N/A. 

N/A 

N/A 

328.5 

N/A 

__N7A. 

181.8 


0.48 


71 


COAL  AS  FIRED 
PROX.  ANALYSIS 


7  mOIS’URE 

8  VOL  mat  TER 


FIXED  Ca_R30n 
ASH 


ASH  SOFT  TEMP 
AS TM  ME  THOD 


COAL  OR  OIL  AS  FIRED 
ULTIMATE  ANALYSIS 


OIL 

5 1 

r  L  ASH  POIN  T  F  • 

No  Dae, 

5? 

Sp  Gro  V •  1  y 

0.9194 

VISCOSITY  AT  SSU 

ST 

BURNER 

147 

TOTAL  HYOROCEN 

44 

%  -1 

12.26 

41 

Bfu  per  lb 

19224 

GAS 

%  vol 

43  CARBON 


67.3  44  hydrogen 


120.7 


461.1 


OXYGEN 


NITROGEN 


SULPHUR 


ASH 


C,H.  ETHYLENE 


C,H,  ETHANE 


299.1 


Btu/lb  1183.0 


B.v/!b  149.8 


0.003 


0.09 


N/A 


HYDROGEN  |  N/A 


Enthalpy  OF  REHEATED  SJ_E_am  Jlh.inl  EJTIBiu.  lb 

Enthalpy  of  reheated  steam  r  m 

outlet _  _ _ 

30  I  HEAT  ABS.  LB  OF  steam  (ITEM  16  .  ITEM  17) 


COAL  PULVEfelZATION 


CRINDABILITY 


49 

50  I  FINENESS  '.  thru  I  . 


total  hydrogen  n/A 


3’  |  ME  A  T  aBS.  LB  R.  H.  STE  AMIITEM  19  -  ITEM  181 

DRY  REFUSE  (ash  PIT  •  fly  ASMI  PER  LB 

AS  FIRED  FUEL _ _ _ _ _ 

B.„  PER  LB  IN  REFUSE  (WEIGHTED  A  VE  RAGE  )  Ifiiv/lb 


Carbon  burned  per  lb  as  fired  fuel  iib/ib 
Dry  Gasper  lb  as  f  ir  t  D  ruEL  BURNED  |  lb-lb 
HOURLY  QUANTITIES 

actual  water  evaporated 

REHEaT  STEam  FLCw 
?B  Ra  TE  OF  FUE  L  FIRING  (AS  FIRf  C  -i) 

39  TOTAL  HE  AT  INPUT  l|,«">.  38  •  41) 

(000 

30  HE  a  T  OUTPUT  IN  BLOW  DOWN  WA  If  M 


1  w/a  J  "All  ......  1am... 

TPUT  item  3  ]  ■  100 

/~vnciik.iiT*  iTtu  ->o  '  '  •  U 


in  put. out  put  item  31  ■  100 

EFnCIENCY  OF  UNJJ  %  _  ITEM  ?9 _ 

B  fu/ tb 

MEAT  LOSS  EFFICIENCY _  _  A,  F,  F 

ME  AT  LOSS  DUE  TO  DRY  CAS  1  72C 

MEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL  1 


B  »u/tb  %  of  A .  F 

A.  F.  FUEL  FUEL 


MEAT  LOSS  DUE  TO  DRY  GAS  \  720 

MEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL  \ 

1  MEAT  LOSS  DUE  TO  M,0  FROM  COMB  OF  M,  13fc3 

8  MEAT  LOSS  DUE  TO  COMBUST  Tn  REFUsf  ? _ _ 

MEaT  I  OSS  DUE  TO  RADIATION  - 

UNMf  a  S'JR  C  D  i  OSSE  S  - 

TOTAL 

C  f  nc if  nc y  uoo  -  ;i) 


•  0  T  A  L 

JI  meat 


3?  CO 
33*  6', 


^  ^  ^  y  1 1  tprt*  ,7i  •  I  If  Ri  J0l'(l*PB'  >  '  •  I  *  ^  -  <Mj  •  I'e"1 
OUTPUT  1000 


FLUE  CAS  ANAL.  (BOILERHf CON)  (AIR  HTR)  OUTLET 


12. 

%  VOL  1  5.1 


N,  (BY  DIFFERENCE) 


E  xCESS  AIR 


No'  Required  •©»  E  Hiti#nt»  Te»»*ng 
1  F o»  Poibi  ol  Mioiuitmtni  S*e  Po».  7. 2.B . I  *P T  C  4. 1*1964 


SUMMARY  SHEET  fOR  ABBREVIATED  EFFICIENCY  TEST  PTC  4.  l-o  ( 1964) 


ASME  TEST  FORM 

FOR  A8BREVIATEO  EFFICIENCY  TEST 


Test  Seriesj _ Pos.t  L«?ng_Jerm  N eat  Oil _ test  wo  inB _ boiler  no.  3  date 

owner  of  plant _ U.S.  Coast  Guard _ _ _  location  nCw  London.  CT _ 

iest  conoucteo  by _ Seaworthy  Engine  Systems  _  objective  or  TESTM<,aailr(,  duration  4  HR 


duration  4 


PRESSURES  &  TEMPERATURES 


STEAM  PRESSURE  IN  BOILER  DRUM 


boiler  «axe  Bigelow  KS  20 

STOKER  TYPE  &  SIZE  N/A 

PUL  .  t  RIZER.  TYPE  a  SIZE  N/A 
FUEL  USEO _ Oil _ MINE  N/A 


RATED  CAPACITY 


28,500  lbs/hr 


oupnewy  SLZE.(No)116„82  (2) 
STATE  N/A  SI2  E  AS  EIREON/A 


FUEL  DATA 


STEAM  PRESSURE  AT  S  M  OUTLFT 
STEAM  PRESSURE  AT  R  M.  IN  L  E  T 

S  T  E  AM  P  RESSURE  AT  R.M.  OU  T  L  E  T _ 

STEAM  TEMPERATURE  AT  OUTLET 


STEAM  TEMPERATURE  AT  R  H  INLET 


STEAM  TEMPERATURE  AT  r.m.  OUTLET 


water  TEMP.  ENTERING 


st  e  am  oualityt.  moisture 


(BOILER 


SI  (FLASH  POIN  T  F;  |Nq  Dac 

S3  Sp.  G>o«ny  10.9194 

viscosity  at  ssu- 
S3  BURNER 


TOTAL  HYDROGEN 


AIR  TEMP.  AROUND  BOILER  (AMBIENT) 


,,  TEMP  AIR  FOR  COMBUSTION 

(Tfti,  i.  Reference  Temperature)  I 


TEMPERATURE  OP  FUEL 


GAS  TEMP.  LEAVING  (Bo.ler) 


M  GAS  TEMP.  ENTERING  AH  (II  cond.tlan,  >o  be 

_  corrected  to  guarantee) _ 


UNIT  QUANTITIES 


ENTHALPY  OF  SAT.  LIQUID  (TOTAL  HEAT) 


ENTHALPY  OFISATURATED 
STM 


ENTHALPY  OF  SAT.  FEED  TO  (BOILER) 


Btu  per  lb  as  FIRED 


ASH  SOFT  TEMP.- 
ASTm  METHOD 


COAL  OR  OIL  AS  FIRED 
ULTIMATE  ANALYSIS 


CARBON 


HYDROGEN 


OXYGEN 


tu/ib  1299.9 


Btu/ib  1183.3 


B.u/Ib  h  32 . 4 


enthalpy  of  reheated  steam  r.m.  inlet  Btu.  ib  N/A 


NITROGEN 


SULPHUR 


ASH 


MOISTURE 


TOTAL 


COAL  PULVERIZATION 


0.09 


0.19 


0.37 


0.003 


0.09 


co 


CM.  METHANE 


N/A 


C,H,  ACETYLENE  N/A 


C,  H.  ETHYLENE 


C,M4  ETHANE 


TOTAL  HYDROGEN 

*  .i 


,9  enthalpy  of  reheated  steam  R  H 
outlet 


30  ME  AT  ABS'L  B  OF  STEAM  (ITEM  IE  -  I  TEM  I  71 


-H/A 

1000.9 


48 

CRINDABILITY 

INOE  X* 

N/A 

a 

DENSITY  68  F 

ATM.  PRESS.  N/A 

49 

FINENESS  %  THRU 

SO  M" 

N/A 

63 

Btu  PER  CU  FT 

N/A 

so 

FINENESS  %  THRU 
200  M  • 

N/A 

4  t 

Btu  PER  LB 

N/A 

31  heat  aBSLB  R.h.  ST  E  am  (I  T  Em  iv.itEm  1 8)  Btu.lb 


DRY  REFUSE  (ASH  PIT  •  FLY  ASM)  PER  LB 

AS  FIRED  FUEL _ <b'lb 


Btu  PER  LB  IN  REFUSE  (WEIGHTED  A  VE  RAGE)  |Btu/lb 


CARBON  BURNED  PER  LB  AS  FIRED  FUEL 


ORY  GAS  PER  LB  AS  FIRED  TUEL  BURNED 
HOURLY  QUANTITIES 

actual  water  evaporated 

REHEAT  STEam  FLOW 
RATE  OF  FUEL  FIRING  (AS  FIRED  -.) 

39  TOTAL  HEAT  INPUT  (Item  38  «  Item  41) 

1000 

30  meat  OUTPUT  IN  BLOW  DOWN  WATER 

Jl  HEA  *L  "t"”  !*'l|t*.J°|,lllf*  37. Item  Jll  •  "em  30  LB  Lr 

OUTPUT  1000 


FLUE  GAS  ANAL.  (BOILERMECONI  (AIR  HTR)  OUTLET 


c_0A  _  _  Invol 

0,~  '  |%  VOL 


CO  . .  .  _  _ 


N,  (BY  DIFFERENCE) 


EXCESS  AIR 


INPUT. OUTPUT 
EFFICIENCY  OF  UNIT  % 


I  T  E  M  3 1  ■  100 

ITEM  39 _ 

I  Btu/lb 


HEAT  LOSS  EFFICIENCY  lA.F.  I 


HEAT  LOSS  DUE  TO  DRY  GAS 


66  HEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL 

67  HEAT  LOSS  DUE  TO  H,0  FROM  COMB  OFH 


68  HEAT  LOSS  DUE  TO  COMBUST  IN  REFUSE  |  _ _ 

69  HE  A  T  L  OSS  DUE  TO  RADIATION  r - 

70  UNMf  aSURED  LOSSES  L - 

71  TOTAL 

73  EFFICIENCY  t  (100  -  hem  71) 


Btu/lb  %  ol  A.  F 

A.  F.  FUEL  FUEL 


Not  Required  lor  Efl'C'oncy  Totting 
t  For  Pomt  ol  Mootwromont  $oo  Par.  7.2.S.I-PTC  4.1*1964 


A.SME  TEST  FORM 

SUMMARY  SHEET  FOR  ABBREVIATED  EFFICIENCY  TEST  PTC  4.  |.Q  ( 1964) 


Teat  Series; _ Post  Long  Term  Neat  Oil _ test  no  i  i _ boiler  no  Date  5/;  2/81 

owner  Of  plant _ U.S.  Coast  Guard _ _ _ location  New  London.  CT _ 

TEST  conducted  Br  .  Seaworthy  Engine  Systems  _  objective  or  TESTM(,as||rp  Fff<r<pnry  duration^  5  HR 

BOILER  MAKE  a  type  Bigelow  KS_  20  ...  rated  capacity  28,500  lbs /hr" 

stoker  type  &  si/f  N/A 


|  PUL 

■  c  pizer.  type  a  su’C  N/A 

BURNER  SlZE(No)l  1  6- 

-82  (2) 
4EDN/A 

[  FUEL  USE  0  Oil  MINE  N/A 

COUNTY  n/a 

STATE 

N/A 

SIZE  AS  FI 

PRESSURES  &  TEMPERATURES 

FUEL 

DATA 

1 

STEAM  PRESSURE  in  BOILER  DRUM 

ps  to 

RSH 

1 

COAL  AS  FIRED 
PROX.  ANALYSIS 

%  -t 

OIL 

2 

S"  AM  PRESSURE  A  T  S.  M  OUTLET 

pt'O 

P 

mOIStURE 

.N/A  - 

F  L  ASM 

POINT  F 

No  Date 

0.9194 

148 

3 

STEAM  PRESSURE  at  R  H.  INLE  1 

PS  •  0 

H 

vOL  MATTER 

N/A 

52 

$p.  Gra 

v.ty 

4 

STEAM  PRE  SSURE  aTR.h.  OUTLET 

ptio 

I 

39 

FIXED  CARBON 

N/A 

53 

VISCOSITY  AT  SSU 
BURNER 

5 

STEAM  TEMPERATURE  AT  OUTLET 

¥ 

328.4 

40 

ASH 

N/A. 

44 

TOTAL 

%  »*l 

HYOROCEN 

H 

STEAM  TEMPERATURE  AT  R  m  inlet 

F 

total 

ra 

Btu  pet 

lb 

19224 

m 

steam  temperature  at  r  h  outlet 

F 

mm 

n 

Btu  per  lb  AS  FIREO 

N/A 

K 

water  TEMP  ENTERING  [BOILER) 

F 

219.6 

L» 

ASH  SOFT  TEMP 
astm  ME  THOD 

in 

GAS 

%  VOL 

m 

STEam  OUali T  y  y.  moisture 

rm 

0.45 

COAL  OR  OIL  AS  FIRED 
ULTIMATE  ANALYSIS 

w 

CO 

wm 

Ea 

AIR  TEMP.  AROUND  BOILER  (AMBIENT) 

F 

75 

a 

CARBON 

m 

CH4  METHANE 

N/A 

- 

TEMP  AIR  FOR  COMBUSTION 
(TK**  is  Reference  Temperature)  1 

F 

72.6 

44 

HYDROGEN 

ms 

1 

C,H,  ACETYLENE 

N/A 

m 

TEMPERATURE  OP  FUEL 

F 

120.8 

m 

OXYGEN 

ISRSEI 

□ 

C,H,  ETHYLENE 

N/A 

n 

CAS  TEMP. LEAVING  (Bo, 1.. 1 

F 

JLL9.CL, 

n 

NITROGEN 

Q.  19 

ra 

C.M. 

E  THANE 

N/A 

CAS  TEMP.  ENTERING  AM  (II  conditions  »o  be 
corrected  »o  auoronfee) 

F 

N/A 

■ 

SULPHUR 

0.37 

19 

H,S 

HIM 

unit  quantities 

ra 

ASH 

0.003 

ra 

co, 

N/A 

ra 

ENTHALPY  OF  SAT.  LIQUID  ( TOTAL  HE  AT) 

Btu/lb 

299*9 

ra 

MOISTURE 

0.09 

ra 

n 

N/A 

16 

ENTHALPY  OFISATURATEC 

STM 

Btu/lb 

total 

TOTAL 

1  7 

ENTHALPY  OF  sat.  FEED  to  (BOILER) 

Btw/lb 

COAL  PULVERIZATION 

TOTAL  HYDROGEN 

%  wt 

N/A 

18 

enthalpy  of  reheated  steam  r.h.  inlet 

Btu.  1  b 

N/A 

48 

GRINDABILIT  Y 

INDE  X* 

N/A 

62 

DENSITY  68  F 

ATM  PRESS  N/A 

19 

enthalpy  of  REHEATEO  steam  r.  h 
outlet 

Btu/lb 

L-n/a- 

49 

FINENESS  %  THRU 

SO  M- 

N/A 

63 

Btu  PER  CU  FT 

N/A 

20 

HEAT  ABS.'LB  OF  STEAM  (ITEM  16-ITEM  17) 

Btu  lb 

^95.9 

50 

fineness  %  thru 

200  m  • 

N/A 

41 

Btu  PER  LB 

N/A 

21 

HEAT  ABS.  LB  R.h.  STEAM  (ITEM  19-ITEM  18) 

Btu/  lb 

n/a 

64 

INPUT. OUT  PUT 

EFFICIENCY  OF  UNIT  % 

ITEM  31  •  100 

ITEM  29 

76.9 

22 

ORY  REFUSE  (ASH  PIT  •  FLY  ASH)  PER  LB 
as  FIRED  FUEL 

lb /lb 

n/a 

HEAT  LOSS  EFFICIENCY 

Btu/lb  S 

A.  F.  FUEL  | 

%  of  A  F. 

FUEL 

23 

Btu  PER  LB  IN  REFUSE  (WEIGHTED  AVERAGEI 

Btu/lb 

"n/a 

65 

HEAT  LOSS  DUE  TO  DRY  GAS 

9.6 

24 

CARBON  BURNED  PER  LB  AS  FIRED  FUEL 

lb/lb 

0.87 

66 

MEAT  LOSS  DUE  TO  MOISTURE 

IN  FUEL 

0.0 

2S 

ORY  GAS  PER  LB  AS  FIRED  TUCL  BURNED 

lb/lb 

17.2 

67 

HEAT  LOSS  DUf  TO  HjO  FROM  COmB  OFH, 

1387 

7.2 

HOURLY  QUANTITIES 

68 

HEAT  LOSS  DUE  TO  COMBUST 

IN  REFUSE 

26 

V 

ACTUAL  water  EVAPORATrO 

REHEAT  steam  FLOW 

lb  Kr 

lb  /hr 

20757.5 

N/A 

69 

70 

Hf  at  LOSS  DUE  TO  RADIATION 

UNMf  A  S'JR  f  0  l  OSSES 

- 

— 

1.2 

3.0 

28 

RATE  OF  FUEL  FIRING  (AS  FIRED  -•) 

Ib'hr 

1398.7 

71 

TOTAL 

21.-1- 

29 

TOTAL  MEAT  INPUT  1  "•”28  *  "••*  41) 

1000 

1.0/hr 

26899.1 

72 

E  F  FICIENC  Y  (100 

1  tfm  7  1  ) 

78. Q 

30 

heat  output  IN  BLOW  DOWN  WATER 

It  0/hr 

N/A 

31 

lltfm  201  •(!  lent  27  • 1  te*-  ?l  |  •  I'pw  3G 

OUTPUT  1000 

1.3  *h. 

20672.8 

FLUE  GAS  ANAL.  (BOILERMECON)  (AIR  HTR) 

OUTLET 

32 

CO, 

%  VOL 

12,7.. 

33 

0, 

%  VOL 

_4.1- 

34 

CO 

%  VOL 

.n,n2 . 

No*  Required  lor  E  Hu 

IS 

N,  (BY  DIFFERENCE) 

%  VOL 

83.2 

36 

EXCESS  AIR 

% 

22.4 

For  Point  of  Meotutomont  So*  Pot.  7.2.8.1*PTC  4.1.1964 

E-32 


SUMMARY  SHEET 


ASME  TEST  FORM 

FOR  ABBREVIATED  EFFICIENCY  TEST  PTC  4.  )-o  (1964) 

Test  Series; _ Post  Long  Term  Neat  Oil _ test  no  12 _ boiler  no.  3  date  5/ 13/82 

owner  Of  PLANT _ U.s.  Coast  Guard _ , _ location  New  London.  CT  _ 

TEST  conducted  by _ Seaworthy  Engine  Systems  _  .  objective  or  TESTM<,ag|lr(t  duration  /.  ^ 

boiler  make  a  type  _ Bigelow  KS  20  rated  capacity  28,500  lbs /hi 

STOKER  TYPE  4  SIZE  N/A 


PULVERIZER.  TYPE  4  SIZE  N/A  _ _  BURNER,  SlZE(No)l  16-82  (1) 

EUEL  use o  Oil _ mine  N/A _ county  n/a  state  n/a  size  as  firedn/a 

PRESSURES  4  TEMPERATURES  FUEL  DATA 


■ 

STEAM  PRESSURE  in  boiler  DRUM 

pno 

mm 

COAL  AS  FIREO 
PROX.  ANALYSIS 

%  wl 

OIL 

H 

steam  pressure  at  s.  h  outlet 

psio 

■ 

mOIStURF 

.R/A  .  . 

5) 

FLASH 

POINT  F* 

Mo  Dat 

0.9194 

n 

steam  pressure  at  r  m.  inle  1 

ps<o 

N/A 

38 

VOL  matter 

N/A 

57 

Sp.  Gra 

irity 

4 

steam  pressure  at  r  m  outlet 

ptia 

N/A 

39 

FIXED  CARBON 

N/A 

S3 

viscosfTr  at  ssu* 
BURNER 

161 

5 

STEAM  TEMPERATURE  at  OUTLET 

F 

328.9 

■ 

ASH 

_RjA 

44  1 

TOTAL 

%  ~t 

htdrogen 

12.26 

6 

STEAM  temperature  AT  R  M  inlet 

F 

TOTAL 

n 

Btu  per  lb 

19224 

7 

steam  TEMPERATURE  AT  r.h  outlet 

F 

41 

Btu  p.t  lb  AS  FIREO 

rrm 

B 

water  TEMP.  ENTERING  (BOILER) 

F 

206.7 

42 

ASH  SOFT  TEMP.- 
ASTM  METHOD 

mm 

GAS 

%  VOL 

COAL  OR  OIL  AS  FIRED 

9 

STEamOUALITYY.  moisture 

,  ,  ■ 

1 

0.32 

ULTIMATE  ANALYSIS 

CO 

N/A 

10 

AIR  TEMP.  AROUNO  BOILER  (AMBIENT) 

F 

76 

D 

Carbon 

87.00 

Q 

CH4  METHANE 

N/A 

1  1 

TEMP  air  FOR  COMBUSTION 
(TNi*  i«  Reference  Temperature)  I 

F 

72.0 

44 

hydrogen 

12.26 

56 

C,M,  ACETYLENE 

N/A 

.? 

TEMPERATURE  of  fuel 

F 

117.9 

□ 

OXYGEN 

0.09 

H.  ETHYLENE 

N/A 

1 1 

Gas  TEMP,  leaving  (Boil.O 

F 

356.2 

n 

NITROGEN 

0.19 

El 

C.M. 

E  THANE 

N/A 

1  4 

GAS  TEMP.  ENTERING  AH  (If  coAdit.on»  to  be 

cc*  coed  to  auarontee) 

F 

N/A 

■ 

SULPHUR 

0.37 

59 

H,S 

N/ 

UNIT  QUANTITIES 

a 

ASH 

0.003 

E9 

CO, 

N/A 

■a 

ENTHALPY  OF  SAT.LIOUID  (TOTAL  MEAT) 

mm 

299.5 

PI 

MOISTURE 

0.09 

19 

ITU; 

cngi 

16 

ENTHALPY  OF(SATURATEO 

STM 

Btu/lb 

1184.5 

TOTAL 

total 

■ 

17 

ENTHALPY  OF  SAT.  FEEO  TO  (BOILER) 

Btu/lb 

174.7 

COAL  PULVEblZATION 

1 

TOTAL  HYDROGEN 

%  *t 

N/A 

IB 

ENTHALPY  of  REHEATED  STEAM  R.H.  INLET 

Btu.  I b 

N/A 

B 

GRINDABILITY 

INDEX’ 

N/A 

fl 

DENSITY  68  F 

ATM.  PRf  SS  N/A 

19 

ENTHALPY  OF  REHEATED  STEAM  R.  M 
OUTLET 

Btu/lb 

JI/A.  .. 

H 

fineness  '/.Thru 

50  M’ 

N/A 

63 

B.u  PER  CU  FT 

N/A 

20 

HEAT  ABS.'LB  OF  STEAM  (ITEM  16-ITEM  17) 

9jl 

1009.8 

y 

fineness  %  thru 

200  M* 

N/A 

41 

Btu  PER  LB 

N/A 

21 

HEAT  aBS.LB  R.h.  STE am (1 T Em  19-ITEm  18) 

N/A 

64 

INPUT. OUTPUT 

EFFICIENCY  OF  UNIT  % 

'Em  31  •  100 

ITEM  29 

78.7 

27 

ORY  REFUSE  (ASH  PIT  •  FLY  ASM)  PER  LB 

AS  FIRED  FUEL 

lb/lb 

N/A 

MEAT  LOSS  EFFICIENCY 

Btu/lb 

A.  F.  FUEL 

73 

Bit,  PER  LB  IN  REFUSE  (WEIGHTED  AVERAGE) 

Btu/I  b 

N/A 

65 

HEAT  LOSS  DUE  TO  ORY  GAS 

1327 

bum 

24 

CARBON  BURNED  PER  LB  AS  FIRED  FUEL 

lb/lb 

0.87 

66 

HEAT  LOSS  DUE  TO  MOISTURE 

IN  FUEL 

IPPM 

0.0 

2S 

ORY  GAS  PER  LB  *S  FIRED  TuEL  BURNED 

lb/lb 

19.4 

67 

HEAT  LOSS  DUE  TO  H,0  FROM  COMB  OF  H, 

6.8 

HOURLY  QUANTITIES 

68 

meat  LOSS  DUE  TO  COMBUST. 

IN  REFUSE 

_ 

26 

actual  water  EVAPORATED 

Ib'Hr 

^546,3 

•r 

MEAT  LOSS  DUE  TO 

RADIATION 

— 

2.9 

V 

REHEAT  STEam  FLOW 

lb  /Kf 

N/A 

70 

UNMf  asured  losses 

3.0 

78 

RATE  OF  FUEL  FIRING  (AS  FIRED  -i] 

lb /hr 

J5J.0.6 

total 

19.6 

7V 

total  meat  input 

1000 

10968.8 

72 

E  F  f  ICIENCY  T  (100 

Item  71) 

80.4 

30 

HEAT  OUTPUT  IN  BLOW  OOwn  water 

ItB/br 

N/A.- 

31 

heatL  3C 

OUTPUT  1000 

k  B /Kr 

3630.4 

FLUE  GAS  ANAL.  (BOILERKECON)  (AIR  MTR) 

OUTLET 

37 

CO, 

%  VC 

11.2 

33 

o, 

*  VOL 

6.2 

34 

CO 

X  VOL 

0.01 

Net  Required  for  Eff>c 

3S 

N,  (BY  DIFFERENCE) 

*  VOL 

82.6 

36 

EXCESS  AIR 

% 

F#i  Point  of  Meeiwement  Soo  Po*.  7.2.B.I.PTC  4.1*1964 

E-33 
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SHORESIDE  BOILER  DEMONSTRATION  OF  FUEL-HATER  EMULSIONS 
<U>  SEAHORTHV  ENGINE  SVSTEMS  INC  ESSEX  CT 
R  U  CASS  ET  AL.  AUG  82  USCG-D-B4-82  DTCG23-80-C-20001 

F/G  21/4 


UMMARY  SHEET  ru*  ABBREVIATED  EFFICIENCY  TEST  PTC  4.  l-o  (1964) 


ASME  TEST  FORM 

FOR  ABBREVIATED  EFFICIENCY  TEST 


Neat  Oil  te*t  no  i _ boiler  no.  3  date  6/8/81 

OWNER  Of  PLANT _ U .S .  Coast  Guard _ , _ location  New  London.  CT _ _ 

' E_s T  conpucteo  by _ Seaworthy  Engine  Systems  objective  of  TESTMga<t„ri,  vffjr<t>nry  duration  4^ 

bO'ler  make  b  ttpe  Bigelow  KS  20  .  _  J,aTE£_Ca^'c,_L'28,500  lbs/hr 


POi  LtR  MAKE  &  TYPE 
S  TO*  TYPF  A  SI  Zf 
Pul  .  C  RiZER.  TYPE  A  SIZE 
FUEL  USED  Oil 


Bigelow  KS  20 

N/A 

N/A 

_ “ine  N/A 


B 


PRESSURES  4  TEMPERATURES 


BU"NEH,  Sl_Z?.(No.)l  16-82  (1) 
tE  N/A  SIZE  AS  FIREDN/A 


>T*TE  N/i 

FUEL  OATA 


STE 

AM 

PRE  SSU  RE 

IN  BOILI 

E  R  DRUM 

STE 

AM 

PRESSURE 

A  T  S 

.  H 

OUTLET 

STE 

AM 

PRE  SSU  RE 

AT  R 

.  M. 

INLET 

STE 

AM 

PRESSURE 

A  T  R 

.  H 

OUTLET 

STE 

AM 

TEMPERATURE 

AT 

OUTLET 

STE 

AM 

TEMPERATURE 

AT 

R  H  INLET 

STE 

AM 

TEMPERATURE 

AT 

R.H  OUTLET 

water  temp  entering 


STEAmOUALITY  t.  moisture 


air  temp,  arouno  boiler  (ambient) 


TEMP  AIR  FOR  COMBUSTION 
(This  is  Reference  Temperature)  t 


TEMPERATURE  of  fuel 


GAS  TEMP.  LEAVING  (Boiler) 


UNIT  QUANTITIES 


MOISTURE 


VOL  matter 
FIXED  CARBON 
ASH 


total 


Btu  per  lb  AS  FIRED 


ASH  SOFT  TEMP.- 
ASTM  ME  THOD 


coal  or  oil  as  fired 

ULTIMATE  ANALYSIS 


OIL 


flash  point  f • 


Sp.  Gro.rty 


VISCOSITY  AT  ssu 
BURNER 


Btu  per  lb 


!No_J&at 


CARBON 

86.68 

HYDROGEN 

12.14 

OXYGEN 

0.40 

NITROGEN 

0.22 

co 


CH.  METHANE 


C.H, 

acetylene 

C,H. 

ETHYLENE 

C,Ht 

ETHANE 

H,S 

%  VOL 


N/A 


Enthalpy  of  sat.  liouid  (total  heaT) 

BMW 

298.5 

ENTHALPY  OF  (SATURATED- 
STM. 

Btu/lb 

1184.4 

ENTHALPY  OF  SAT.  FEED  TO  (BOILER) 

Btu/lb 

125.9 

ENTHALPY  of  reheated  steam  R.h.  inlet  Btu.  lb 


ENTHALPY  OF  REHEATED  STEAM  R.  H. 

OUTLET  lBtu/lb 


JO  MEAT  ABS.  LB  OF  STEAM  (ITEM  16  -  ITEM  17)  Btu  lb 


7)  HEAT  ABS.  LB  R.H.  STEAM  (ITEM  19 -IT  Em  18)  Btu.- lb 


2?  DRY  REFUSE  (ASH  PIT  •  FLY  ASH)  PER  lb 

AS  FIRED  FUEL  llb/lb  IN/A 


B-u  PER  LB  IN  REFUSE  (WEIGHTED  AVERAGE)  Btu/lb  N/A 


CARBON  BURNED  PER  LB  AS  FIRED  FUEL  Ib/lb 


DRY  GAS  PER  LB  AS  FIRED  TuEL  BURNED  |  Ib/lb 

hourly  ~o  uan  tTties  _ 

ACTUAL  water  EVAPORATED 
REHEAT  STEAM  FLO* 

RATE  OF  FUEL  FIRING  (AS  FIRED  )_ 

29  I  TOTAL  HEAT  INPUT  (!.••!?.  J*.  *  Item  4U 

_  j  . .  . 1000  . . 

30  I  heat  OUTPUT  IN  BLOW  DOWN  WATER  llB/h.  I  u/a 


ASH 


MOISTURE 


TOTAL 


COAL  PULVEhlZATION 


GRINDABILIT  Y 
INDEX- 


FINENESS  %THRU 
SO  M- 


FINENESS  %  THRU 
200  M- 


INPUT. OUTPUT 
EFFICIENCY  OF  UNIT  % 


TOTAL  HYDROGEN 

%  wt 


DENSITY  68  F  , 

ATM.  PRESS.  N/A 


Bt«  PER  CU  FT 


Btu  PER  LB 


ITEM  31  ■  100 

ITEM  29  80.7 


Btu/lb  %  el  A  F 

A.  F.  FUEL  FUEL 


1351.9 


HEAT  LOSS  EFFICIENCY 


HEAT  LOSS  DUE  TO  DRY  GAS 


HEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL 


HEAT  LOSS  DUE  TO  H,0  FROM  COMB  OFHJ  1282.9 


68_  I  HEAT  L  OSS  DUE  JO  COMBUST.  IN  REFUSE  | _ _ 

69  |  HEAT  LOSS  DUE  TO  RADIATION  f~- - 

UNME  ASURED  LOSSES  _ _  - 

TOTAL 

EFFICIENCY  ■:  (100  -  Item  71) 


J|  ^  J  ^"  ( I  •  I  ?0  l  •  (I  lent  ?  7  *  I  te -Yt  ?  1  )  ♦  •  3C  liB-Ktr 

OUTPUT  1 000 


N/A 

8627. ( 


FLUE  GAS  ANAL.  (BOILERMECON)  (AIR  HTR) 

OUTLET  | 

32 

CO, 

%  VOL 

J.0...5-. 

33 

0. 

%  VOL 

_6_.3.  .. 

34 

CO 

%  VOL 

0.01 

35 

N,  (BY  DIFFERENCE) 

%  VOL 

82.6 

36 

E  XCESS  AIR 

% 

*  Not  Required  lor  Efficiency  Te»t»nf 

t  For  Potnt  of  Mooturomont  See  Per.  7.2.§.1»PTC  4.1*1964 


E-34 


1  Teat  Series!  Interim  Baseline  Neat  Oil 

TEST  NO  2R 

BOILER  NO.  1  Date  6/8/81  I 

|  owner  of  plant  u.S.  Coast  Guard 

LOCATION  New 

London 

,  CT 

I 

[  ?e st conouctco  by  Seaworthy  Engine  Svstems 

OBJECTIVE  OF  TESTMpacllI.0 

Ef f iripnrv  DURATION  4  up] 

boiler  make  &  type  Bigelow  KS  20 

RATED  CAPACITY  5ft 

lbs /hr 

stoker  type  a  size  N/A 

PULVERIZER.  type  A  SIZE  N/A 

FUEL  USEO  Oil  MINE  N/A 

COUNTY  N/A 

BURNER  SIZE(No)l 16-82  (2) 
STATE  N/A  SIZE  AS  FIREDN/A 

PRESSURES  A  TEMPERATURES 

FUEL 

data 

— 

9 

STEAM  PRESSURE  IN  BOILER  ORUM 

ps  to 

98.3 

COAL  AS  FIRED 
PROX.  ANALYSIS 

%  W« 

OIL 

m 

STEAM  PRESSURE  ATS.  H  OUTLET 

N/A. 

37 

MOISTURE 

.H/A— 

m 

FLASH 

POINT  F  • 

m 

STEAM  PRESSURE  AT  R.  M.  INLET 

P*io 

N/A 

38 

VOL  MATTER 

N/A 

52 

Sp.  Gravity 

0.5254. 

192 _ 

12.14 

4 

STEAM  pressure  at  r.  h.  outlet 

mm 

N/A 

39 

FIXED  CARBON 

N/A 

S3 

VISCOSITY  AT  SSU- 
BURNER 

s 

steam  temperature  AT  outlet 

m 

325.4 

40 

ASH 

_H7a_ 

TOTAL  HYDROGEN 
%  ~» 

6 

steam  temperature  AT  R  M  INLET 

F 

N/A 

TOTAL 

■  ■ 

n 

Btu  per 

lb 

19046 

7 

steam  TEMPERATURE  AT  r.h. outlet 

F 

N/A 

41 

Btu  per  lb  AS  FIRED 

1779 

s 

water  TEMP  ENTERING  (BOILER) 

F 

183.2 

42 

ASH  SOFT  TEMP.- 
A  STM  ME  THOO 

HI 

GAS 

r.  vol 

9 

STEAMOUALITYC.  MOISTURE 

% 

0.47 

COAL  OR  OIL  AS  FIRED 

ultimate  analysis 

STj 

CO 

m 

10 

AIR  TEMP,  around  BOILER  (AMBIENT) 

F 

84 

D 

CARBON 

86.68 

K9 

CH.  METHANE 

N/A 

1 1 

TEMP  AIR  FOR  COMBUSTION 
(This  •»  Re ference  Tfmp«»o1ur«)  t 

F 

77.9 

44 

HYDROGEN 

i 

CjH,  ACETYLENE 

N/A 

1? 

TEMPERATURE  of  fuel 

F 

125.9 

El 

OXYGEN 

□ 

Ci  H.  ETHYLENE 

N/A 

13 

GAS  TEMP.  LEAVING  (Boil.r) 

F 

398.2 

n 

NITROGEN 

0.22 

ri 

C,H. 

ethane 

N/A 

1  4 

GA$  TEMP.  ENTERING  AH  (M  conditions  to  be 

F 

N/A 

SULPHUR 

0.44 

59 

H,S 

UNIT  QUANTITIES 

m 

ASH 

0.001 

m 

CO, 

N/A 

ra 

ENTHALPY  OF  SAT.  LIQUID  (TOTAL  MEAT) 

Ml 

E9 

MOISTURE 

0.12 

m 

H> 

hydrogen 

N/A 

16 

ENTHALPY  OF(SATURATED’ 

STM 

Bfv/lb 

SUM 

TOTAL 

TOTAL 

17 

enthalpy  OF  SAT.  FEED  TO  (BOILER) 

Bfw/lb 

m 

COAL  PULVERIZATION 

■ 

TOTAL  HYDROGEN 

%  wt 

N/A 

18 

ENTHALPY  OF  REHEATED  STEAM  R.H.  INLET 

Btu, 1  b 

N/A 

46 

GRINDABILITY 
INDEX • 

N/A 

a 

DENSITY  68  F  1 

ATM.  PRESS.  N/A  1 

J  9 

ENTHALPY  OF  REHEATED  STEam  R.  m 

outlet 

Btv/lb 

N/A 

49 

FINENESS  %  THRU 

50  M’ 

N/A 

M 

Btu  PER  CU  FT 

N/A 

20 

MEAT  ABS  'LB  OF  STEAM  (ITEM  16 -  ITEM  17) 

1031.5 

SO 

FINENESS  %  THRU 
200  M  • 

N/A 

41 

Btu  PER  LB 

N/A 

2) 

HEAT  ABS.  LB  R.H.  STEAM  (IT  EM  19-ITEm  18) 

Btw/  lb 

N/A 

64 

INPUT. OUTPUT 

EFFICIENCY  OF  UNIT  % 

ITEM  31  -  100 

ITEM  29 

80.7 

22 

DRY  REFUSE  (ASM  PIT  •  FLY  ASM)  PER  LB 

AS  FIRED  FUEL  1 

ib/ib 

N/A 

HEAT  LOSS  EFFICIENCY 

Btu/lb 

A.  F.  FUEL 

%  of  A  F. 
FUEL 

23 

B»u  PER  LB  IN  REFUSE  (WEIGHTED  AVERAGE) 

Btw/I  b 

N/A 

65 

HEAT  LOSS  DUE  TO  DRY  GAS 

7.8 

24 

CARBON  BURNED  PER  LB  AS  FIRED  FUEL 

Ib/lb 

0 . 86.68 

66 

HEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL 

aSBi 

0.01 

~2S 

Ib/ib 

19..4.  . 

67 

HEAT  LOSS  DUE  TO  H,0  FROM  COMB  OF  H, 

1305.8 

6.9 

68 

HEAT  LOSS  DUE  TO  COMBUST. 

IN  REFUSE 

_ 

_ 

26 

ACTUAL  water  evaporated 

Ib'hr 

11869.8 

69 

HE  A  7  LOSS  DUE  TO 

RADIA  TION 

— 

2.1 

27 

REHEAT  STEAM  flow 

lb/hi 

N/A 

70 

UNMf  ASURED  LOSSES 

— 

3.0 

28 

RATE  OF  FUEL  FIRING  (AS  FIRED  «.) 

1  b/  hr 

79.6.2 

71 

total 

.19.8 

29 

TOTAL  HEAT  INPUT  ( 1  •«?"_  1®.  *  1  •«£*V  *1) 

1000 

hB/h, 

15163.8 

72 

E  F  FICIENC  Y  -  (100 

-  1  lem  7  1  ) 

80.2 

30 

meat  OUTPUT  IN  BLOW  DOWN  WATER 

hB/h» 

N/A. 

31 

MEATL  'L""’  2a •  I**"*  20l-(ltrm  27-1..-..  21 1  •  Mp't'  3C 
OUTPUT  1000 

hB/hp 

L  2243.4 

FLUE  GAS  ANAL.  (BOILERI(ECON)  (AIR  HTR) 

OUTLET 

32 

CO, 

%  VOL 

11.2 

33 

0, 

%  VOL 

6.2 

34 

CO 

%  VOL 

0.01  . 

Not  Required  lor  Elite 

3S 

N,  (BY  DIFFERENCE) 

%  VOL 

a  7.6 

36 

EXCESS  AIR 

% 

38. 8_ 

For  Point  ©1  Meoturemont  See  Pot.  L3.8,I*PTC  4.1*1964 

E—  3  5 


SUMMARY  SHEET  to*  ABBREVIATED  EFFICIENCY  TEST  PTC  4. \.0  (1964) 


ASME  TEST  FORM 

FOR  ABBREVIATED  EFFICIENCY  TEST 


Teat  Series; _ Interim  Baseline  Neat  Oil _ test  no  3 _ boiler  no.  3  Date  6/9/81 

owner  Of  PLANT _ U .s .  Coast  Guard _ , _ locat'Qn  New  London.  CT _ _ 

TEST  CQNoucreo  by _ Seaworthy  Engine  Systems _ objective  of  TESTMpaglir(,  Rff^a^y  ouratiqn  4  hr 

boiler  MAKE  _  _ Bigelow  KS. 20 _  .  _  _  _ rateo  capacity  28 , 500  lbs/hr 


BOIL ER jvake  a  ttpe  _ Bige low  KS  20 

STOKER  TYPE  &  SIZE  N/A 

PUL  .  ERIZER.  TYPE  &  SIZE  N/A 

fUEL  USED _ Oil _ MINE  N/A 

PRESSURES  &  TEMPERATURES 


STEam  PRESSURE  IN  OOHER  DRUM 
STEam  PRESSURE  AT  S.  M.  OUTLET 


steam  pressure  at  r.  m.  inle  t 


steam  pressure  at  r  m.  outlet 


steam  TEMPERATURE  at  outlet 


steam  TEMPERATURE  AT  R  M  inlet 


steam  TEMPERATURE  AT  R.H.  outlet 


B_u  RNJ  “j  S|ZE<  No.)  116-82(2) 

TE  H/A  SIZE  AS  fIREON/A 


»T»TE  NA 

FUEL  DATA 


97.4  I  prox.  anal 
N/A  I  37  I  MOISTURE 
N/A 


water  temp  entering 


(BOILER 


COAL  AS  FIRED 
PROX.  ANALYSIS 


STEAM  QUALITY?;  MOISTURE 


AIR  TEMP  AROUND  BOILER  (AMBIENT) 


1?  I  TEMPERATURE  OF  FUEL 


GAS  TEMP.  LEAVING  (Boil«0 


UNIT  QUANTITIES 


IS  ENTHALPY  OF  SAT.  LIQUID  (TOTAL  HE  AT) 


16  ENTHALPY  OFISATURATED' 
STM 


enthalpy  of  sat.  feed  to  iboileri 


ENTHALPY  OF  REHEATED  STEam  R.H.  INLET  Biu.  lb  N/A 


ENTHALPY  OF  REHEATEO  STEAM  R.  H 

OUTLET  _  Btu/lb 


MEAT  ABS.LB  OF  STEAM  (ITEM  16  -  ITEM  17)  Bio'lb 


HEAT  ABS.LB  R.H.  STE  AM  (I  TEM  19-ITEm  18)  Brv/lb 


ORY  REFUSE  (ASH  PIT  •  FLY  ASM)  PER  LB 

AS  FIRED  FUEL  _  lb/lb  N/A 


B.„  PER  LB  IN  REFUSE  (WEIGHTED  AVERAGE)  Bw/lb  N/A 


CARBON  BURNED  PER  LB  AS  FIREO  FUEL  lb/lb 


DRY  GAS  PER  LB  AS  FIRED  TUEL  BURNED  |  lb/lb 


HOURLY  QUANTITIES 


actual  water  E  VAPORATfD  I  Ib'br 


REHEAT  STEam  FLOW  Ib/br 


RATE  OF  FUEL  FIRING  (AS  FIRED  -0  llb/h. 


79  TOTAL  MEAT  INPUT  kB/hr 

1 000  _ _  _  1 70  j4o 

30  HEAT  OUTPUT  IN  BLOW  DOWN  WATER  bB/h>  RlA 

..  (l..m  . .  701  .(1.,-.  77  .li,-.  71, .  i.,~  3C  k0.h, 

31  iSSttuf-  -  .000  |l 4466.7 

FLUE  CAS  ANAL.  (BOILERMECON)  (AIR  HTR)  OUTLET 


VOL  MATTER 


FIXED  CARSON 


ASH 


TOTAL 


Btu  per  lb  AS  FIRED 


ASH  SOFT  TEMP.- 
ASTM  METHOD 


COAL  OR  OIL  AS  FIRED 
ULTIMATE  ANALYSIS 


CARBON 


HYDROGEN 


OXYGEN 


NITROGEN 


ASH 


MOISTURE 


TOTAL 


COAL  PULVERIZATION 


grindability 

INDEX- 


FINENESS  \  THRU 

so  M- 


FINENESS  %  THRU 
300  M- 


INPUT. OUTPUT 
EFFICIENCY  OF  UNIT  •/. 


OIL 


FLASH  POINT  F  • 


Sp.  Grovtty 


TOTAL  HYDROGEN 


Btu  per  lb 


86.68 

m 

CH,  METHANE 

12.14 

m 

Cj  H,  ACETYLENE 

0.40 

m 

C,H.  ETHYLENE 

0.22 

C.M.  ETHANE 

0.44 

fl 

H,S 

TOTAL  HYDROCEN 

%  .1 


DENSITY  68  F 

ATM  PRESS.  N/A 


63  Biu  PER  CU  FT 


Btu  PER  LB 


ITEM  31  •  100 
ITEM  79 


Btu/lb 
A.  F.  FUEL 


1508.5 


HEAT  LOSS  EFFICIENCY 


NEAT  LOSS  DUE  TO  ORY  CAS 


HEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL  1.4 


HEAT  LOSS  DUE  TO  M,0  FROM  COMB  OFHJ  1313.4 


HEAT  LOSS  DUE  TO  COMBUST.  IN  REFUSE  _ _  _ 

HEAT  LOSS  DUE  TO  RADIATION 
^UNMEASURED  LOSSES  _ _ 

“Total 


EFFICIENCY  =  (100  -  Itom  71) 


37 

CO, 

%  VOL 

11.8 

33 

0, 

%  VOL 

5.5 

34 

CO 

X  VOL 

n.n  1 

3S 

N,  (BY  DIFFERENCE) 

%  VOL 

82,1  - 

36 

EXCESS  AIR 

% 

57.9 

'  No*  Requirfd  for  Efficiency  Toting 
1  Fot  Point  of  M«ftur«mtnt  Soo  Pot.  7.2.8.1*PTC  4.1*1964 


E-36 


owner  Of  PLANT _ u .s.  Coast  Guard  _ _ _ location  New  London.  CT _ _ 

TEST  CONDUCTED  by _ Seaworthy_En^,lne  .Systems _ objective  of  TE$TM<,aaurp  Effjr<>nry  duration^ . 2^r 

boiler  make  a.  t VPE _ Bigelow  KS_ 20 . . .  _  _ rated  capacity  28 , SQQ  lbs/hr 

stoker  type  a  size  N/A 

pulverizer,  type  a  mee  N/A  _ _  _  bu RliE.H>  JtXHL( No )1 1 6-82  (2) 

FUEL  USED  Oil  mine  N/A  county  n/A  state  n/a  size  as  firedn/a 

PRESSURES  &  TEMPERATURES  FUEL  DATA  "  - - 


1 

STEAM  PRESSURE  IN  BOILER  DRUM 

PH  O 

99.0 

COAL  AS  FIRED 
PROX.  ANALYSIS 

OIL 

2 

steam  pressure  at  s.  m  outle  t 

P  M  O 

N/A. 

37 

MOISTURE 

N/A 

SI 

FLASH  POINT  F  * 

NoJQati 
Q. 9254 

3 

STEAM  PRESSURE  AT  «.  M.  INLET 

PftIO 

N/A 

■38J 

VOL  MATTER 

N/A 

a 

Sp.  Gro 

rity 

4 

STEAM  PRESSURE  AT  R.  M.  OUTLE  T 

PSIO 

N/A 

39 

FIXEO  CARBON 

N/A 

S3 

VISCOSITY  AT  SSU* 
BURNER 

710 

5 

STEAM  TEMPERATURE  AT  OUTLET 

F 

325.2 

40 

ASH 

N/A 

44 

total  hydrogen 

*  -i 

mm 

STEAM  TEMPERATURE  AT  R  H  INLET 

F 

TOTAL 

n 

Btu  pet 

lb 

B 

STEAM  TEMPERATURE  AT  R.H.  OUTLET 

F 

mm 

m 

Btu  per  lb  AS  FIRED 

H9 

■ 

Hi 

185.4 

ASH  SOFT  TEMP.- 
ASTM  METHOD 

hh 

GAS 

%  VOL 

■i 

PH 

0.54 

COAL  OR  OIL  AS  FIRED 

STEAMOUALITYT.  MOISTURE 

ULTIMATE  ANALYSIS 

54 

CO 

m 

AIR  TEMP.  AROUND  BOILER  (AMBIENT) 

191 

81 

D 

CARBON 

86.68 

E3 

CH«  methane 

N/A 

L" 

TEMP  AIR  FOR  COMBUSTION 
(This  it  Reference  Temperature)  f 

m 

77.1 

44 

HYDROGEN 

12.14 

H 

C,M,  ACETYLENE 

N/A 

IB 

TEMPERATURE  OF  FUEL 

F 

120.4 

□ 

OXYGEN 

0.40 

□ 

C,H.  ETHYLENE 

N/A 

m 

CAS  TEMP.  LEAVING  (Bail.') 

F 

468.0 

E9 

NITROGEN 

0.22 

PI 

C,H. 

ethane 

N/A 

GaS  TEMP.  ENTERING  AH  (II  conditions  to  be 
corrected  to  Quorontec) 

F 

N/A 

a 

SULPHUR 

EH 

HI 

Hj  S 

IH 

UNIT  QUANTITIES 

D 

ASH 

O.OOl 

E9 

COj 

N/A 

■B 

enthalpy  of  sat.  liquid  (total  heati 

Btu/lb 

297.6 j 

ta 

MOISTURE 

WJfWU 

m 

H, 

N/A 

16 

enthalpy  OFISATURATED 
stm. 

Btu/lb 

BBS 

TOTAL 

TOTAL 

17 

enthalpy  OF  SAT.  FEED  to  (BOILER) 

Biu/lb 

153.4 

COAL  PULVERIZATION 

■ 

TOTAL  HYOROGEN 

%  wt 

N/A 

18 

ENTHALPY  OF  REHEATED  STEAM  R.H.  INLET 

B  to/  1  b 

N/A 

48 

GRINDABILITY 

INDEX* 

h  si 

m 

DENSITY  68  F 

ATM.  PRESS.  N/A 

19 

ENTHALPY  of  reheated  steam  r.  H 

OUTLET 

m 

MlA 

49 

FINENESS  %THRU 

50  M* 

N/A 

63 

Btu  PER  CU  FT 

N/A 

20 

HEAT  ABS/LB  OF  STEAM  (ITEM  16  -  ITEM  17) 

mm 

1028.8 

50 

fineness  thru 

200  M* 

N/A 

41 

Btu  PER  LB 

N/A 

21 

HEAT  ABS.  LB  R.H.  STEAM  (IT  EM  19  -ITEM  181 

N/A 

64 

INPUT-OUTPUT 

EFFICIENCY  OF  UNIT  % 

ITEM  31 

ITEM  2 

100 

9 

79.1 

?? 

DRY  REFUSE  (ASH  PIT  »  FLY  ASH)  PER  LB 

AS  FIRED  FUEL 

ib/ib 

N/A 

HEAT  LOSS  EFFICIENCY 

Btu/lb 

A.  F.  FUEL 

%  ol  A.  F 
FUEL 

23 

B«u  PER  LB  IN  REFUSE  (WEIGHTED  AVERAGE) 

Btu/lb 

N/A 

65 

HEAT  LOSS  DUE  TO  DRY  GAS 

1703.1 

8.9 

24 

CARBON  BURNED  PER  LB  AS  FIRED  FUEL 

Ib/lb 

0.8668 

66 

HEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL 

1.5 

0.01 

2S 

DRY  GAS  PER  LB  AS  FIRED  TUEL  BURNED 

lb  lb 

18.2 

PM 

MEAT  LOSS  DUE  TO  M,0  FROM  COMB  OF  H, 

1342.3 

7.0 

HOURLY  QUANTITIES 

68 

MEAT  loss  due  to  combust 

IN  RE  FUSE 

__ 

26 

actual  WATER  EVAPORATED 

lb  hr 

1 8 11 8.0 

69 

HEAT  LOSS  DUE  TO 

RADIATION 

— 

1.4 

27 

REHEAT  STEam  FLOW 

lb  /hr 

N/A 

70 

unme  asured  LOSSES 

— 

3._Q 

29 

RATE  OF  FUEL  FIRING  (AS  FIRED  -i) 

lb'  hr 

1237.5 

71 

TOTAL 

20.4  . 

29 

total  HEAT  input  28  »  '•«!»  41) 

1000 

1.8/h. 

23569.3 

72 

EFFICIENCY  -  (100 

Item  7 1 ) 

79.6 

30 

HEAT  OUTPUT  IN  BLOW  DOWN  »a!E» 

bB  hr 

N/A 

J1 

HEATL  2*' hem  201 '(hen.  ?/‘ltr~  ?1»  •  3C 

OUTPUT  1000 

bn  K, 

18639.2 

FLUE  GAS  ANAL.  (BOILER)IECON)  (AIR  HTR) 

OUTLET 

32 

CO, 

VOL 

12.0 

33 

0, 

%  VOL 

5.2 

34 

CO 

%  VOL 

a.  oi . 
82.8 

Not  Required  lor  Elite 

35 

N,  (BY  DIFFERENCE) 

%  VOL 

36 

EXCESS  AIR 

% 

30.5 

For  Point  ol  Mr oiunmtnt  See  Por.  7.2.8.1-PTC  4.1-1964 
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A.SME  TEST  FORM 


SUMMARY  SHEET 

FOR  ABBREVIATED 

EFFICIENCY  TEST  PTC  4.  l-o  ( 1964) 

Test  Series* 

Interim  Baseline  Neat  Oil 

TEST  NO  ft  BOILER  NO.  DATE  6  / 1  0  /  R 1 

OWNER  OF  PLANT 

U.§.  Coast  Guard 

location  New  London  *  CT 

TEST  CONOUCTEO  8Y 

Seaworthy  Engine  Systems 

OBJECTIVE  or  TESTMcagur(,  Rf  f  t  r  i  DURATION  4  HB 

BOILER  MAKE  &  TYPE 

Bigelow  KS  20 

. . .  RATED  capacity  28,500  lbs/hr 

STOKER  TYPE  &  SIZE 

N/A 

pulverizer,  type  &  size 

N/A 

burner  SlZE(No)l 16-82  (2) 

FUEL  USEO  Oil 

mine  N/A  county  n/a  state  n/A  size  as  firedn/a  i 

PRESSURES  &  TEMPERATURES  FUEL  DATA 


1 

STEAM  PRESSURE  in  BOILER  ORUM 

.100,0 

_N/A_ 

N/A 

COAL  AS  FIRED 

PROX.  ANALYSIS 

%  W» 

■ 

OIL 

? 

steam  pressure  at  s.  m.  outlet 

37 

MOISTURE 

N/A 

s 

FLASH  POINT  F  • 

No.  Hat. 

0.9254 

3 

steam  pressure  at  r.  m.  inle  t 

PS'Q 

38 

VOL  MATTER 

.n/a_ 

S3 

Sp.  G'Owity 

4 

steam  pressure  at  r.  h  outle  t 

mi 

N/A 

39 

FIXED  CARBON 

N/A 

S3 

VISCOSITY  AT  SSU- 
BURNER 

_23J_. _ 

12.14 

s 

steam  TEMPERATURE  AT  OUTLET 

m 

325.4 

40 

ASH 

N/A 

total  hydrogen 

%  xwl 

6 

STEAM  TEMPERATURE  AT  R  M  INLET 

F 

■Ml 

TOTAL 

CT 

Btu  por  lb 

19046 

7 

steam  TEMPERATURE  at  r.h.  outlet 

F 

mm 

n 

Bn*  por  lb  AS  FIREO 

rmm 

t 

water  TEMP.  ENTERING-  (BOILER) 

F 

190.9 

La. 

ASH  SOFT  TEMP.- 
ASTM  METHOD 

mm 

GAS 

%  VOL 

m 

steam  ouality  r.  moisture 

m 

0.43 

COAL  OR  OIL  AS  FIRED 
ULTIMATE  ANALYSIS 

CO 

EH 

Ea 

AIR  TEMP.  AROUND  BOILER  (AMBIENT) 

F 

81 

D 

CARBON 

86.68 

B 

CH,  METHANE 

N/A 

F 

TEMP  AIR  FOR  COMBUSTION 
(Thi*  is  Rtftrtnct  T#mp«r«lv»t)  t 

F 

75.1 

HYDROGEN 

12.14 

, 

Cj  H,  ACETYLENE 

N/A 

m 

temperature  of  fuel 

F 

K1UU 

O 

OXYGEN 

0.40 

O 

C,H.  ETHYLENE 

N/A 

n 

CAS  TEMP.  LEAVING  (Boil.*) 

F 

523.6 

CT 

NITROGEN 

0.22 

CT 

C,H.  ETHANE 

N/A 

CAS  TEMP.  ENTERING  AH  (11  condition.  to  b. 

corrected  to  quoronl..) _ _ 

wm 

H 

SULPHUR 

0.44 

n 

H,S 

IH 

UNIT  QUANTITIES 

m 

ASH 

0.001 

CT 

CO, 

N/A  | 

n 

ENTHALPY  OF  SAT  .  LIQUID  (TOTAL  HEAT) 

m 

298.4 

CT 

MOISTURE 

0.12 

ra 

m a 

16 

enthalpy  ofisaturated 

STM. 

Btw/lb 

BH8 

TOTAL 

TOTAL 

■3 

1  7 

ENTHALPY  OF  SAT.  FEED  TO  (BOILER) 

Btu/lb 

BBS 

COAL  PULVEblZATION 

TOTAL  HYDROGEN 

%  »t 

N/A 

IS 

ENTHALPY  OF  REHEATEO  steam  R.H.  inlet 

N/A 

4‘ 

GRINDABILITY 

INDEX* 

i  1 

H 

DENSITY  68  F  ,  I 

ATM.  PRESS.  N/A  | 

19 

enthalpy  OF  REHEATEO  STEAM  R.  H. 
OUTLET 

m 

ES 

B 

FINENESS  %  THRU 

50  M% 

N/A 

63 

Btu  PER  CU  FT 

N/A 

30 

HEAT  ABS-'LB  OF  STEAM  (ITEM  16  -  ITEM  17) 

m 

HH* 

FINENESS  %  THRU 
700  M- 

N/A 

41 

Btu  PER  LB 

N/A 

31 

HEAT  ABS-LB  R.H.  STEAM  (ITEM  19-ITEm  18) 

Bi«/ 1b 

N/A 

a 

INPUT -OUT PUT  ITEM  31  »  100 

EFFICIENCY  OF  UNIT  %  ITEM  79  79.0 

33 

0RY  REFUSE  (ASH  PIT  ♦  FLY  ASH)  PER  LB 

AS  FIRED  FUEL 

lb/lb 

N/A 

HEAT  LOSS  EFFICIENCY 

Btw/lb 

A.  F.  FUEL 

%  of  A.  F 
FUEL 

33 

Bt„  PER  LB  IN  REFUSE  (WEIGHTED  AVERAGE) 

Btw/lb 

N/A 

65 

HEAT  LOSS  DUE  TO  DRY  GAS 

■ItMMI 

9.9 

34 

CARBON  BURNED  PER  LB  AS  FIRED  FUEL 

lb/lb 

66 

HEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL 

1.5 

0.01 

3S 

DRY  GAS  PER  LB  AS  FIRED  FUEL  BURNED 

lb/lb 

17.6 

67 

HEAT  LOSS  DUE  TO  H,0  FROM  COMB  OF  H, 

1372.9 

7.2 

HOURLY  QUANTITIES 

68 

MEAT  LOSS  DUE  TO  COMBUST.  IN  REFUSE 

gggg 

_ 

ACTUAL  WATER  EVAPORATED 

Ib'hr 

237206 

69 

MEAT  LOSS  DUE  TO  RADIATION 

1^1 _ 

3L^0-._ 

2JU-Z- 

II 

REHEaT  STEam  FLOW 

lb  /Kf 

N/A 

70 

UNMEASURED  LOSSES 

HI 

Rate  OF  FUEL  FIRING  (AS  FIRED  ~t) 

Ib/'Ki 

161R.2 

71 

TOTAL 

3? 

TOTAL  HEAT  input  (ltjmJ8_Kj.i»m_4i) 

1000 

bB/ht 

30819.6 

77 

EFFICIENCY  =  (100  -  Inm  71) 

78.8 

30 

HEAT  OUTPUT  IN  BLOW. DOWN  WATER 

bB/hr 

..N/A. 

'  Not  Requited  lor  Efficiency  Tilting 

1  For  Point  of  Mtotwromont  See  Per.  7.2.I,I*PTC  4.1-1964 

31 

?6*i#»«_?oi  *(  ijFni  21  *.!  ?i  i  *  Jp 

OUTPUT  1000 

U0/K, 

24351.4 

FLUE  CAS  ANAL.  (BOILERMECONI  (AIR  HTR)  OUTLET 

33 

CO, 

%  VOL 

.  12j.4_ 

33 

O, 

%  VOL 

4.8 

34 

CO 

*  VOL 

n.m 

35 

N,  (BY  DIFFERENCE) 

%  VOL 

82.8 

3* 

EXCESS  AIR 

* 

■27.S. 
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A.SME  TEST  FORM 

SUMMARY  SHEET _ FOR  ABBREVIATED  EFFICIENCY  TEST  PTC  4. 1  o  (1964) 


Test  Series:  Interim  Baseline  Near  Oil  test  no  7  boiler  no.  DATE6/12/8I 

owner  of  plant  U.S.  Coast  Guard  location  New  London.  CT 

test  conducted  by  Seaworthy  .Engine  Systems  objective  of  TESTMAJIBlirP!  F.f  ®n/-y  durati 

lbs /hr 

-82  (2) 
»edn/A 

boiler  make  4  type  Bigelow  KS  20  rateo  capacity  7^  snn 

STOKER  TYPE  4  SI  2  F  N/A 

pul ve.rizer.  type  4  size  N/A  ourneWj  StZE(No)116- 

FUEL  USEO  Oil  mine  N/A  COUNTY  N/A  STATE  N/A  SIZE  AS  FI 

PRESSURES  &  TEMPERATURES 

FUEL  DATA  | 

m 

STEAM  pressure  in  goiler  drum 

psi  a 

98.3 

COAL  AS  FIREO 
PROX.  ANALYSIS 

*  wt 

OIL 

steam  pressure  ats.  h  outle  t 

psio 

_N/A_ 

N/A 

37 

MOISTURE 

N/A 

FLASH  POINT  F  • 

No  Data 

0.9254 

■1 

steam  pressure  at  r.  m.  inle  t 

pi  l  O 

38 

VOL  mat  TER 

NZA. 

52 

Sp.  Gravity 

4 

5 

steam  pressure  a!  r.  m.  outlet 

ps«o 

N/A 

R 

FIXED  CARBON 

N/A 

S3 

VISCOSITY  AT  ssu- 
BURNER  196 

steam  TEMPERATURE  at  outlet 

F 

324.2 

ASH 

N/A 

44 

TOTAL  HYDROGEN 

%  Wt 

12.14 

6 

steam  TEMPERATURE  at  R  h  inlet 

F 

N/A 

TOTAL 

n 

Btu  per  lb 

19046 

7 

STEAM  TEMPERATURE  AT  R.  H  OUTLET 

F 

N/A 

n 

111 

8 

WATER  TEMP.  ENTERING  (BOILER) 

F 

193.2 

- 

ASH  SOFT  TEMP.- 
ASTM  ME  THOO 

in 

GAS 

r.  vol 

9 

STEAMQUALITYG  MOISTURE 

% 

0.58 

COAL  OR  OIL  AS  FIRED 
ULTIMATE  ANALYSIS 

w 

CO 

10 

AIR  TEMP.  AROUNO  BOILER  (AMBIENT! 

F 

86 

Q 

CARBON 

86.68 

m 

CH,  METHANE 

N/A 

II 

TEMP  AIR  FOR  COMBUSTION 
{THi*  it  Reference  T emperoture)  1 

F 

83.5 

44 

HYDROGEN 

12.14 

i 

C|  H,  ACETYLENE 

N/A 

12 

TEMPERATURE  OF  FUEL 

F 

12U1. 

Q 

OXYGEN 

0.40 

m 

C,  H.  ETHYLENE 

N/A 

1 J 

GAS  TEMP.  LEAVING  (Boil*.) 

F 

531.8 

m 

NITROGEN 

0.22 

n 

C,H,  ETHANE 

N/A 

u 

CAS  TEMP.  ENTERING  AH  (If  conditions  to  be 
corrected  to  aworontee) 

F 

N/A 

SULPHUR 

11 

H.S 

1  1 

UNIT  QUANTITIES 

m 

ASH 

0.001 

m 

CO, 

N/A 

■a 

ENTHALPY  OF  SAT.  LIQUID  (TOTAL  HEAT) 

297.1 

19 

MOISTURE 

0.12 

m 

N/A 

16 

ENTHALPY  OF  (SATURATED' 

STM. 

Btu/lb 

TOTAL 

total 

17 

ENTHALPY  OF  SAT.  FEED  TO  (BOILER) 

Btu/lb 

161.2 

COAL  PULVERIZATION 

i 

TOTAL  HYDROGEN 
%  .1 

N/A 

18 

ENTHALPY  OF  REHEATEO  STEAM  R.  H.  INLET 

Biu/lb 

N/A 

40 

CRINDABILITY 

INDEX* 

DENSITY  68  F 

ATM.  PRESS  N/A 

19 

ENTHALPY  OF  REHEATEO  STEAM  R.  H. 
OUTLET 

Btv/lb 

ig 

49 

FINENESS  %  THRU 

50  M- 

N/A 

63 

Btu  PER  CU  FT 

N/A 

20 

HEAT  ABS.'LB  OF  STEAM  (ITEM  16-ITEM  17) 

Biu  lb 

ESS 

so 

FINENESS  %  THRU 
200  M* 

N/A 

41 

Btu  PER  LB 

N/A 

21 

HEAT  ABS.LB  R.H.  STEAM  (ITEM  19-ITEM  18) 

Btu/lb 

N/A 

64 

INPUT -OUTPUT  ITEM  31  -  100 

EFFICIENCY  OF  UNIT  %  ITEM  29  78.2 

22 

DRY  REFUSE  (ASH  PIT  •  FLY  ASH)  PER  LB 

AS  FIRED  FUEL 

lb/lb 

N/A 

HEAT  LOSS  EFFICIENCY 

Biu/lb 

A.  F.  FUEL 

ESHHI 

23 

Btu  PER  LB  IN  REFUSE  (WEIGHTED  AVERAGE) 

Btu/lb 

N/A 

65 

HEAT  LOSS  DUE  TO  DRY  GAS 

1950.6 

10.2 

24 

CARBON  BURNED  PER  LB  AS  FIREO  FUEL 

lb/lb 

£_._8&68 

66 

HEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL 

1.5 

0.01 

25 

ORY  GAS  PER  LB  AS  FIREO  TUEL  BURNED 

lb/lb 

J.8.U 

67 

HEAT  LOSS  DUE  TO  H,0  FROM  COMB  OF  H, 

1367.9 

Jj/2 _ 

68 

HEAT  LOSS  DUE  TO  COMBUST.  IN  REFUSE 

ACTUAL  WATER  EVAPORATED 

Ib'hr 

2569.08 

69 

MEAT  LOSS  DUE  TO  RADIATION 

— 

1.0 

3.0 

21.4 

27 

REHEAT  STEAM  FLOW 

1  b  /hr 

N/A 

70 

71 

UNMFaSURED  LOSSES 

— 

20 

RATE  OF  FUEL  FIRING  (AS  FIREO  wt| 

Ib/Hr 

1759.2 

TOTAL 

29 

total  heat  input 

1000 

bfl/Hf 

mill 

HH(WI 

72 

EFFICIENCY  r  (100  -  Item  71) 

78.6 

30 

HEAT  OUTPUT  IN  BLOW  DOWN  water 

fcB/Hr 

J\lA  ... 

*  Not  Required  (or  Efficiency  Teefinq 

1  For  Point  of  Measurement  See  Pot.  ?.2.8.l«PTC  4. 1*1904 

31 

(1  iem  ?0l  *(l  teoi  ?  /  »he«B  2  1 1  *  1  *e_m  3C 

OUTPUT  1000 

VB/K, 

26216J 

FLUE  CAS  ANAL.  (BOIL  E  R)  <E  CON)  (AIR  HTR)  OUTLET 

32 

33 

CO, 

%  VOL 

12.0 

O, 

%  VOL 

4.2 

34 

CO 

%  VOL 

35 

N,  (BY  DIFFERENCE) 

%  VOL 

83.8 

36 

EXCESS  AIR 

% 

23.0,. 

E-39 


Test  Series; _ Interim  Baseline  Neat  Oil  test  wo.  fi _ boiler  no  3  p*te  6/11/81 

owner  or  PLANT _ U ,.S .  Coast  Guard _ _ _ location  New  London.  CT _ _ 

test  conpucted  by _ _S_eaworthy_Eii&ine  Systems _ objective  or  TESTMeasurg  Eff<M<>nry  duration  4_hr 

4_T_Y.-E  Bigelow  KS  20  _  J»*_tedj:aj>^ci_tv 28 , 500  lbs/hr 

STOKER  TYPE  &  SIZE  N/A 


PULYCP'ZER.  TYPE  A  SIZE  N/A  _ _  BURNER  S|ZE(No_)l  16-82  (2) 

EUEL  USEO  Oil  MINE  N/A  county  n/A  state  n/A  size  as  fireon/A 

PRESSURES  &  TEMPERATURES  FUEL  DATA  ~ 


B 

steam  pressure  in  doicer  DRUM 

pita 

98.8 

COAL  AS  FIRED 
PROX.  ANALYSIS 

%  wt 

■ 

OIL 

steam  pressure  at  s  h  outlet 

N/A. 

37 

MOISTURE 

N/A  . 

m 

FLASH 

POINT  F  • 

Nol)at( 

0.-9254- 

239 

steam  pressure  at  r.  m.  INLE  t 

M 

N/A 

38 

VOL  MATTER 

-N/A. 

S 

Sp.  Grovtty 

B 

steam  PRESSURE  at  R  H.  OUTLET 

m 

N/A 

39 

FIXED  CARBON 

N/A 

m 

VISCOSITY  AT  SSU- 
BURNER 

steam  temperature  AT  OUTLET 

m 

323.5 

ASH 

N/A 

44 

TOTAL  HYDROGEN 
X  -< 

12.14 

STEAM  TEMPERATURE  AT  R  m  inlet 

F 

N/A 

TOTAL 

n 

Btw  pet 

lb 

19046 

■jLS 

STEAM  TEMPERATURE  AT  R.H.  OUTLET 

F 

N/A 

41 

Btu  per  lb  AS  FIREO 

dtp 

WATER  TEMP  ENTERINC  (BOILER) 

r 

214.5 

47 

ASH  SOFT  TEMP.- 
ASTM  METHOD 

N/A _ 

CAS 

%  VOL 

0.67 

COAL  OR  OIL  AS  FIREO 

9 

STEAM  OUALITY*;  MOISTURE 

JL. 

ULTIMATE  ANALYSIS 

S4 

CO 

IPV7H 

10 

AIR  TEMP  AROUND  BOILER  (AMBIENT) 

F 

86 

D 

CARBON 

D 

CH.  METHANE 

N/A 

II 

TEMP  AIR  FOR  COMBUSTION 
(This  it  Reference  Temperature)  1 

F 

81.4 

44 

HYDROGEN 

12.14 

B 

C,H,  ACETYLENE 

N/A 

1? 

temperature  or  fuel 

F 

120.3, 

□ 

OXYGEN 

0.40 

O 

C,M.  ETHYLENE 

N/A 

13 

CAS  TEMP.  LEAVING  (Bo.I«.) 

F 

568.3 

PI 

NITROGEN 

0.22 

FI 

C.H. 

ETHANE 

N/A 

14 

CAS  TEMP.  ENTERINC  AH  (II  tonJUion,  <o  be 

F 

N/A 

m 

mmamm 

0.44 

ii 

H.S 

wm 

UNIT  QUANTITIES 

m 

ASH 

m 

co, 

1  n/a 

m 

enthalpy  of  sat.  liquid  (total  heat) 

Btu/lb 

297.4 

m 

MOISTURE 

0.12 

Bl 

m 

\mm\ 

16 

ENTHALPY  OF  (SATURATED' 

STm 

Btu/lb 

1181.0 

TOTAL 

TOTAL 

17 

ENTHALPY  OF  SAT.  FEED  TO  (BOILER) 

Btu/lb 

182.5 

COAL  PULVEhlZATION 

TOTAL  HYDROGEN 

X  >t 

N/A 

IS 

ENTHALPY  OF  REHEATED  STEam  R.h.  INLET 

N/A 

H 

CRINDABILITY 

INDEX* 

BSB 

H 

DENSITY  66  F  ,  1 

ATM.  PRESS.  N/A  | 

19 

ENTHALPY  OF  REHEATED  steam  R.  h 
outlet 

Btu/lb 

N/A 

49 

FINENESS  %  THRU 

50  M" 

N/A 

63 

Biu  PER  CU  FT 

N/A 

30 

HEAT  ABS-'L  B  OF  steam  (ITEM  16-ITEM  171 

39 

998.5 

50 

FINENESS  %  THRU 
700  M* 

N/A 

41 

Btu  per  LB 

N/A 

71 

HEAT  aBS.'LB  R.H.  STEAM  (ITEM  19-ITEM  161 

Btw/  lb 

N/A 

64 

INPUT. OUTPUT 

EFFICIENCY  OF  UNIT  % 

ITEM  31 

ITEM  2 

100 

9 

7A.? 

7? 

DRY  REFUSE  (ASH  PIT  «  FLY  ASH)  PER  LB 

AS  FIRED  FUEL 

Ib/lb 

N/A 

HEAT  LOSS  EFFICIENCY 

Btu/lb 

A.  F.  FUEL 

%  of  A.  F, 
FUEL 

33 

B.u  PER  LB  IN  REFUSE  (WEIGHTED  AVERAGE) 

Btu/lb 

N/A 

65 

HEAT  LOSS  DUE  TO  DRY  CAS 

1950,9 

10.2 

74 

CARBON  BURNED  PER  LB  AS  FIRED  FUEL 

Ib/lb 

0.8668 

66 

HEAT  LOSS  DUE  TO  MOISTURE 

IN  FUEL 

1.5 

0.01 

75 

DRY  GAS  per  LB  AS  FIREO  FUEL  BURNED 

Ib/lb 

'16 . 7 

67 

HEAT  LOSS  DUE  TO  H,0  FROM  COMB  OFH, 

1388.8 

7.3 

HOURLY  QUANTITIES 

68 

HEAT  LOSS  DUE  TO  COMBUST. 

IN  REFUSE 

actual  water  evaporated 

Ib'hr 

3.Q41iO 

69 

HEAT  LOSS  DUE  TO  RADIATION 

— 

-Q-.SL  . 

REHEAT  STEam  FLOW 

mm 

N/A 

70 

UNMEASURED  LOSSES 

— 

3.0 

j» 

RATE  OF  FUEL  FIRING  (AS  FIRED  w.) 

1  b/h  r 

2091. C 

71 

TOTAL  | 

-21»A— 

79 

TOTAL  HEAT  INPUT 

1000 

bB/hr 

398243 

7? 

- 

EFFICIENCY  =  (100 

Item  71) 

78.6 

30 

HEAT  OUTPUT  IN  BLOw  DOWN  WATER 

It  B/hr 

..N/A.. 

31 

(Item  Item  ?0l  •  (1  ten*  }  7  *1  tem  ?  1  )  t  1  *em  3C 

OUTPUT  1000 

^  B /"Kf 

303693 

FLUE  CAS  ANAL.  (BOILERHECON)  (AIR  HTR)  OUTLET  | 

37 

CO, 

%  VOL 

13.1.  . 

33 

O, 

%  VOL 

3.7 

34 

CO 

%  VOL 

0.01 

35 

N,  (BY  DIFFERENCE) 

%  VOL 

A1-  ? 

36 

EXCESS  AIR 

% 

19.8.. 

f  Far  Potnt  of  Measurement  See  Pat.  7.2.B.I«PTC  4.1«I984 

E-40 


SUMMARY  SHEET 


ASME  TEST  FORM 

FOR  ABBREVIATED  EFFICIENCY  TEST 


«PTC  4.l-o(W64) 


re  Long  Term  Emulsified  Oil  test  no 


owner  of  plant _ U.S.  Coast  Guard _  .  location  New  London.  CT 


TEST  CONOOCTEQBV _ Seaworthy  Engine  (Systems  objective  of  TESTMpae„ra  vff 

boiler  make  ft  type _ Bigelow  KS  10  _  _ ratedj 

STOKER  TYPE  ft  SIZE  N/A 

pulverizer,  typje  4  size  N/A  _  burner 

FUEL  USED _ Oil _ MINE _ N/A _ COUNTY  N/A _  STATE  N 


STOKER  TYPE  ft  SIZE  N/A 

pulverizer,  type  &  size  n/A 

EUEL  USED  Oil _ MINE 


PRESSURES  A  TEMPERATURES 


STEAM  PRESSURE  in  boiler  ORUM 


■«.  Efficiency  portion  4_ 

“A.T.?LCA^5_'J^i8., 500  lbs /hr 


. . _B_U RNEH> .  SIS5SX No.)  116-82  (1) 
STATE  N/A  SIZE  AS  FIREON/A 


steam  pressure  ats.h.  outle  r 


steam  pre  ssure  *t  r.  m.  inle  t 


steam  PRESSURE  AT  R  H  OUTLE  T 


steam  TEMPERATURE  Al  OUTLET 


STEAM  TEMPERATURE  AT  R  M  INLET 


STEAM  TEMPERATURE  AT  R.H. OUTLET 


WATER  TEMP.  ENTERING _ 1B0ILEI 


9  STEAMOUALITYT,  MOISTURE _ 

10  AIR  TEMP.  AROUNP  BOILER  (AMBIENT) 

-jl  TEMP  AIR  FOR  COMBUSTION 

_ _  (Tbit  it  R«l«un<t  Ttwgtfoiw)  I _ 

12  TEMPERATURE  OF  FUEL _ 

13  CAS  TEMP.  LEAVING  (Ballet) _ 

1  A  CAS  TEMP.  ENTERING  AH  (II  conditions  to  bo 
cottoctod  to  QMQtontoo) _ 

UNIT  QUANTITIES 


ENTHALPY  OF  SAT.  LIQUID  (TOTAL  HEAT) 


16  ENTHALPY  OF(SATURATED 
STM 


ENTHALPY  OF  SAT.  FEED  TO  (BOILER) 


219.3 


80.0 

121.2 

332.5’ 


to/lb 


Btu/lb 


Btw/ib  187.3 


COAL  AS  FIRED 
PROX.  ANALYSIS 

37 

MOISTURE 

38 

VOL  MATTER 

39 

FIXED  CARBON 

40 

ASH 

total  I 

n 

Btu  per  lb  AS  FIREO 

H 

ASH  SOFT  TEMP.- 
ASTM  METHOD 

FUEL  DATA 


%  W» 


FLASHPOINT  F;.  lNo^J3aJtl 

Sp  C,°»11' _ b- 9206 

VISCOSITY  at  ssu- 
BURNER  113 


TOTAL  HYDROGEN  „  „ 

%  ~t  12.20 


Btu  per  lb  I  18148 


COAL  OR  OIL  AS  FIRED 

ultimate  analysis 


HYDROGEN 


OXYGEN 


NITROGEN 


ASH 


MOISTURE 


83.01 


12.20 


4.21 


0.17 


0.013 


3 


CO 


CH.  METHANE 


C,H,  ACETYLENE  N/A 


Cs  H.  ETHYLENE  N/A 


Ci  H.  ETHANE 


H,S 


18  ENTHALPY  OF  REHEATED  STEAM  R.H.  INLET  Btu.Tb  I  N/A 


19 


ENTHALPY  OF  REHEATED  STEAM  R.  H 

OUTLET  _ 


20  HEAT  ABS/LB  OF  STEAM  (ITEM  16-ITEM  17) 


21  HEAT  ABS.'LB  R.H.  STEAMfITEM  19-ITEM  1 81 


22  DRY  REFUSE  (ASH  PIT  t  FLY  ASH)  PER  LB 


TOTAL 


COAL  PULVEfclZATION 


GRINDABILITY 

INDEX* 


FINENESS  %THRU 
50  M* 


SO  FINENESS  %  THRU 

_ _ _ 200  M‘  N/f 

64  INPUT. OUTPUT 

EFFICIENCY  OF  UNIT  % 


TOTAL  HYDROGEN 

%  Ml 


DENSITY  68  F 

ATM.  PRESS.  N/A 


63  I  Btu  PER  CU  FT 


41  Btu  PER  LB 


N/A 


I  n/a 


TEM  31  »  100 

JJEM_?9 _ 77-*l? _ 

Btu/lb  %ol  A.  F. 

A.  F.  FUEL  I  FUEL 


AS  FIREO  FUEL _ lb/lb  _N /  A _ HEAT  LOSS  EFFICIENCY _ A.  F,  FUEI 

Btu  PER  LB  IN  REFUSE  (WEIGHTED  AVERAGE)  Btu/lb  N/A  65  I  HEAT  LOSS  DUE  TO  DRY  CAS  1045.2 


CARBON  BURNED  PER  LB  AS  FIRED  FUEL  lb/lb  0.8  3  0  1  66  H E  A T  LOSS  DUE  TO  MOIST  URE  IN  FUE L  61.6 

DRY  GAS  PER  LB  AS  FIRED  TUEL  BURNED  lb/lb  ^7.2  67  HEAT  LOSS  DUE  TO  H,0  F  ROM  COMB  OFH,  1276.3 


HEAT  L 0_S_S  DUE  TO  COMBUST.  IN  REFUSE  _____ 

ib-hf  17  2  4  9.61  69  1  HEaT  loss  due  to  radiation  — ___ 

70  I  UNMEASURED  LOSSES  _ 


HOURLY  QUANTITIES 


ACTUAL  water  evaporated 


REHEAT  STEAM  FLOW 


RATE  OF  FUEL  FIRING  (AS  FIREO  -t) 


29  I  TOTAL  HEAT  INPUT 

I _ _ _  _  1000  _ 

HEAT  OUTPUT  IN  BLOW. DOWN  WATER 

.j  j  a  y  ^  (Hem  ?6  •  I  tern  701  *  (I  l.ni  7  7  •  I  fern  7  1  I  '  I 'em  3C  I  L  B /br 

OUTPUT  1000  1 _ 


FLUE  GAS  ANAL.  (BOILCRHECON)  (AIR  HTR)  OUTLET 


CO,  *  VOL 


TOTAL 

E  F  FICIENCY  -  (100  -  Item  71) 


17224.2 


N,  (BY  DIFFERENCE) 


EXCESS  AIR 


Not  Required  lot  Efficiency  Totting 
t  For  Point  of  Measurement  See  Par.  7.2.8.I*PTC  4.1*1964 


UMMARY  SHEET 


ASME  TEST  FORM 

FOR  ABBREVIATED  EFFICIENCY  TEST 


y 


_ _ _ PTC  4.1-0(1964) 


|  Teat  Series; _ Pre  Long  Term  Emulsified  Oil _ test  no  2 _ boiler  ho.  3  date  1 

OWNER  of  PLANT _ U .S.  Coast  Guard _ _ _  location  New  London.  CT _ 

TEST  CONDUCTED  BY _ Seaworthy  Engine  Systems  OBJECTIVE  of  TfSTMpa|.|,rp  Rfflrlanry  PUHATlOw  4  HR 


boil  e  r  mak  E  a_type  _ Bige low  KS _  20 

STOKER  TYPE  &  SIZE  N/A 

PULVERIZER.  TYPE  &  SIZE  N/A 

FUEL  USED _ Oil _ MINE _ N/A 

PRESSURES  4  TEMPERATURES 


steam  PRESSURE  in  BOILER  drum 
steam  pressure  at  s  h  outlet 

STEAM  PRESSURE  AT  R.  M.  INLET 

STEAM  PRESSURE  AT  R.  M.  OUTLET _ 

5  STEAM  TEMPERATURE  AT  OUTLET 


STEAM  TEMPERATURE  AT  R  M  INLET 


STEAM  TEMPERATURE  AT  R  H  OUTLET 


pp  Ef  f •jr^  pnry  DURATION  4  J|R 

28 , 500  lbs/hr 


COUNTY  n/A 


. _0_URNJK»  S_|ZE( No)  1 1 6-82  ( 2 ) 

STATE  N/A  SIZE  AS  FIREON/A 
FUEL  DATA 


COAL  AS  FIRED 

1 

PROX.  ANALYSIS 

37 

MOISTURE 

38 

VOL  MATTER 

39 

FIXED  CARBON 

WATER  TEMP  ENTERING 


(BOILER 


221.1 


STEAMOUALITY%  MOISTURE 


AIR  TEMP.  AROUND  BOILER  (AMBIENT) 


,,  TEMP  AIR  FOR  COMBUSTION 

(Thi»  ii  R«lcr«nc«  Temperotwre)  T 


TEMPERATURE  OF  FUEL 


GAS  TEMP.  LEAVING  (Bo. let) 


<4  GAS  TEMP.  ENTERING  AH  (II  conditions  to  be 
__  cotrccted  to  tntotanleej _ _ _ 


UNIT  QUANTITIES 


ENTHALPY  OF  SAT.  LIQUID  (TOTAL  HEAT)  lotu/lb 


16  ENTHALPY  OFISATURATED' 

_ STM,  _ 

ENTHALPY  OF  SAT.  FEED  TO  (BOILER) 


Bin  per  lb  AS  FIRED 


ASH  SOFT  TEMP.- 
ASTM  METHOD 


COAL  OR  OIL  AS  FIRED 
ULTIMATE  ANALYSIS 


CARBON 


84.0 


120.7 


B 


HYDROGEN 


OXYGEN 


NITROGEN 


SULPHUR 


ASH 


MOISTURE 


4.21 


0.17 


0.40 


0.013 


3 


CO 

CM. 

METHANE 

C.H, 

ACETYLENE 

C,H. 

ETHYLENE 

n 

z 

• 

ETHANE 

H.S 

lBu./lb 


Bru/lb  189.1 


TOTAL 


COAL  PULVERIZATION 


18  ENTHALPY  OF  REHEATEO  steam  R.h.  INLET 

,9  ENTHALPY  OF  REHEATEO  STEAM  R.  H. 

_ OUTLET _ Btp/lb  N/A 

30  HEAT  ABS/L8  OF  STEAM  (ITEM  16  -  ITEM  17)  Bill  lb 


31  HEAT  ABS.  LB  R.H.  STEAMflTEM  19-ITEM  18)  B.p/lb 


993.4 


N/A 


CRINDA 

B 1 

LITY 

INDEX* 

FINENE 

ss 

%  THRU 

50  M- 

FINENE 

ss 

THRU 

200  M* 

INPUT. OUTPUT 
EFFICIENCY  OF  UNIT  % 


33  DRY  REFUSE  (ASH  PIT  *  FLY  ASH)  PER  LB 

AS  FIRED  FUEL  _  lb/lb  N/A 


Bin  PER  LB  IN  REFUSE  (WEIGHTED  AVERAGE)  Biu/lb 


CARBON  BURNED  PER  LB  AS  FIRED  FUEL  lb/lb 


ORY  GAS  PER  LB  AS  FIRED  TUEL  BURNED  lb/lb 


ACTUAL  WATER  EVAPORATED 


REHEAT  STEAM  FLOW 


RATE  OF  FUEL  FIRING  (AS  FIRED  -i) _ 

39  |  TOTAL  HEAT  INPUT 

I _  _  _  1000  _ 

HEAT  OUTPUT  IN  BLOW  DOWN  WATER 

(Item  36*  Item  701  •  (I  tent  77  - 1  *ef  71)  »  *  'em  3G 
OUTPUT  1000 


FLUE  GAS  ANAL.  (BOILERXECON)  (AIR  HTR)  OUTLET 


CO, 


HEAT  LOSS  EFFICIENCY 


HEAT  LOSS  DUE  TO  DRY  GAS 


66  HEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL 

67  HEAT  LOSS  DUE  TO  M,0  FROM  COMB  OF  H 


68  H_EaT  LOSS  DUE  TO  COMBUST.  JJ9JRE  FUSE 

69  HEAT  I  OSS  DUE  TO  RADIATION 

70  UNME  ASURED  LOSSES 

71  TOTAL 
EFFICIENCY  .  (100  -  I lem  71) 


N/A 


H,  HYDROGEN  |  N/A 


TOTAL  HYDROGEN  n/A 

%  w! 


DENSITY  68  F 

ATM  PRESS.  N/A 


Bio  PER  CU  FT 


B»„  PER  LB 


ITEM  31  »  100 

ITEM  ?9 _ 

Bto/lb 
A.  F.  FUEL 


N,  (BY  DIFFERENCE) 


EXCESS  AIR 


Not  Requited  fo»  E  ffici«ncy  Te»tmg 


2 


Foi  Potr»i  ol  Me  a  luniiitn  t  See  Poi.  7.2.8.1-PTC  4.1*1964 


UMMARY  SHEET 


A.SME  TEST  FORM 

FOR  ABBREVIATED  EFFICIENCY  TEST 


PTC  4.1.a(|964) 


Teat  SexlCAi _ Pre  Long  Term  Emulsified  Oil  rest  wo.  3 _ boiler  no.  3  date  6/23/8 1 

owner  Of  plant _ U .S.  Coast  Guard _ . _ location  New  London.  CT _ 


TEST  CQNOUCTEO  bt _ S_eayrorchy^nglng__Syjij£ms. _ objective  of  TESTMgasiirp  Rf  fir<<tnry  duration  4_hr] 


boiler  make  &  type  Bigelow  KS  20 

RATED  CAPAC 

- - - : — 

TY  28.  son  Ihc/hr 

STOKER  TYPE  &  SIZE  N/A 

pul 

.  CRIZER.  TYPE  &  SIZE  N/A 

burner.  SIZB(No)116 

-82  (2) 

1  fuel  used  Oil  mine  N/A 

COUNTY  N/A 

STATE 

N/A 

SIZE  AS  FIREON/A  t 

PRESSURES  &  TEMPERATURES 

FUEL 

DATA 

— 

1 

STEAM  PRESSURE  IN  boiler  drum 

psio 

.98-0 

COAL  AS  FIRED 
PROX.  ANALYSIS 

%  wt 

0!L  | 

? 

steam  pressure  at  s.  h.  outlet 

N/A. 

37 

MOISTURE 

N/A 

FLASH 

POINT  F* 

No  D at; 

0.-92-06. 

115 

3 

steam  pressure  at  r.  m.  inle  t 

PtiQ 

N/A 

38 

VOL  MATTER 

N/A 

K3 

Sp.  Cro 

nty 

4 

steam  pressure  AT  R.  h.  outlet 

fl§  1 

N/A 

39 

FIXEO  CARBON 

N/A 

■ 

VISCOSITY  AT  SSU- 
BURNER 

s 

steam  TEMPERATURE  AT  OUTLET 

m 

324.4 

40 

ASH 

N/A 

44 

TOTAL  HYDROGEN 

%  Wt 

12.20 

■9 

STEAM  TEMPERATURE  AT  R  H  INLET 

F 

N/A 

TOTAL 

HI 

Btu  per 

(b 

18148 

B 

STEAM  TEMPERATURE  AT  R.H. OUTLET 

F 

N/A 

n 

Biu  per  lb  AS  FIRED 

rrm 

m 

WATER  TEMP.  ENTERING.  .  .(BOILER) 

H i 

219.2 

M 

ASH  SOFT  TEMP.- 
ASTM  method 

rm 

GAS 

%  VOL 

■i 

■■ 

0.51 

COAL  OR  OIL  AS  FIRED 

IBK 

B 

STEAM  OUALITY  %  MOISTURE 

n 

ULTIMATE  ANALYSIS 

54 

CO 

m 

AIR  TEMP.  AROUND  BOILER  (AMBIENT) 

F 

91 

El 

Carbon 

83.01 

□ 

CH,  METHANE 

N/A 

1 1 

TEMP  AIR  FOR  COMBUSTION 
(Tbit  it  Reference  TtmpcrolUf e)  t 

F 

84.3 

44 

HYDROGEN 

12.20 

i 

Cj  H,  ACETYLENE 

N/A 

TEMPERATURE  OF  FUEL 

F 

121.0 

Q 

oxygen 

4.21 

□ 

C,H.  ETHYLENE 

N/A 

n 

GAS  TEMP.  LEAVING  (Boil..) 

F 

391.2 

KS 

nitrogen 

0.17 

HI 

C>  H* 

ethane 

N/A 

L'v 

GAS  TEMP.  ENTERING  AH  (II  condition*  to  be 

F 

ran 

Ifl 

SULPHUR 

0.40 

Kfl 

M.S 

ran 

UNIT  QUANTITIES 

m 

ASH 

0.013 

m 

CO, 

n/a  I 

n 

ENTHALPY  OF  SAT.  LIOUID  (TOTAL  HEAT) 

Biu/lb 

296.8 

wm 

MOISTURE 

cm 

HI 

H, 

HYDROGEN 

\t 

ENTHALPY  OF  (SATURATED' 

STM 

Btu/lb 

1182.3 

TOTAL 

TOTAL 

ggjl 

17 

ENTHALPY  OF  SAT.  FEED  TO  (BOILER) 

Btu/lb 

HR 

COAL  PULVERIZATION 

TOTAL  HYDROGEN 

%  wt 

N/A 

n 

ENTHALPY  OF  REHEATED  STEAM  R.H.  INLET 

Btu/lb 

N/A 

48 

CRINDABILITY 

INDEX" 

N/A 

H 

DENSITY  68  F 

ATM.  PRESS.  N/A 

D 

ENTHALPY  OF  REHEATEO  STEAM  R.  H 
OUTLET 

Btu/lb 

1 

49 

FINENESS  %  THRU 

50  M' 

N/A 

63 

Btu  PER  CU  FT 

N/A 

JO 

HEAT  ABS/LB  OF  STEAM  (ITEM  16-ITEM  17) 

B*u  Mb 

iH 

50 

FINENESS  %  THRU 
700  M- 

N/A 

41 

Btu  PER  LB 

N/A 

?) 

HEAT  ABS.LB  R.H.  ST  E  AM  (ITEM  19-ITEM  18) 

Btu/  1  b 

N/A 

64 

INPUT. OUTPUT 

EFFICIENCY  OF  UNIT  % 

ITEM  31  -  100 

ITEM  29 

78.2 

J? 

DRY  REFUSE  (ASH  PIT  •  FLY  ASH)  PER  LB 

AS  FIRED  FUEL 

ib/ib 

N/A 

HEAT  LOSS  EFFICIENCY 

Btu/lb 

A.F.  FUEL 

%  of  A.  F. 
FUEL 

S3 

Btv  PER  LB  IN  REFUSE  (WEIGHTED  AVERAGE) 

Bi«/lb 

N/A 

65 

HEAT  LOSS  DUE  TO  ORY  GAS 

1280.5 

7.1 

0 

CARBON  BURNED  PER  LB  AS  FIREO  FUEL 

lb/lb 

0.8301 

66 

HEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL 

62.8 

0.35 

L» 

DRY  GAS  PER  LB  AS  FIRED  TUEL  BURNED 

lb/lb 

17.4 

67 

HEAT  LOSS  DUE  TO  H,0  FROM  COMB  OF  H, 

1301.7 

7.2 

HOURLY  QUANTITIES 

68 

HEAT  LOSS  DUE  TO  COMBUST. 

IN  REFUSE 

l  26 

ACTUAL  WATER  evaporated 

tb'Kr 

U  553.6 

69 

HEAT  LOSS  DUE  TO 

RADIATION 

— 

2a.2  - 

ra 

REHEAT  STEAM  FLOW 

lb  /hr 

N/A 

70 

UNMEASURED  LOSSES 

— 

Lfi- 

mm 

rate  of  fuel  firing  (as  fireo  .0 

1  b/hr 

110...0 

7) 

TOTAL  | 

19L-j8-- 

79 

TOTAL  HEAT  input  (!.'•'*  78  «  Item  41) 

1000 

bBAt 

L4700.8 

7? 

efficiency  -  noo 

-  Item  71) 

90.  L- 

30 

HEAT  OUTPUT  IN  BLOW  DOWN  WATER 

WB/hr 

N/A  ... 

J1 

HEAT*"  ,l""’  ?6*J.,F7'_J0',(l,rm?7 71 1’l't.  JC 
OUTPUT  1000 

k  3  h, 

11496.5 

FLUE  GAS  ANAL.  (BOILER)IECON)  (AIR  HTR) 

OUTLET 

37 

CO, 

%  VOL 

12.0 

33 

0. 

%  VOL 

5.2 

34 

CO 

X  VOL 

0.01 

Not  Required  for  Eff>c 

3S 

N,  (BY  DIFFERENCE) 

%  VOL 

82.8 

36 

EXCESS  AIR 

.  % 

30.5 

For  Pom»  of  Meoturement  See  Per.  ?.2.B.l*PTC  4.1*1964 

SUMMARY  SHEET 


owner  of  plant 


TEST  CONDUCTED  BY 


ASME  TEST  FORM 

FOR  ABBREVIATED  EFFICIENCY  TEST 


n 


PTC  4.1-0(1964) 


DATE 


.S.  Coast  Guard _ _ _ location  New  London.  CT 

- Se aworthyJEngine_  Systems _ objective  of  TESTMeasure  EfH 


DURATION  4 


BOILER  MAKE  A  TYPE _ Blge  l_OW  KS  _  20 

STOKER  TYPE  &  SIZE  N/A 

PULVERIZER,  TYPE  A  SIZE  N/A 

FUEL  USED  Oil _ MINE  1 

PRESSURES  A  TEMPERATURES 


STEAM  PRESSURE  IN  BOILER  DRUM 


steam  pressure  at  s.  m.  outlet 


STEAM  PRESSURE  -AT  R.  H.  INLE  T 


STEAM  PRESSURE  at  r  m  outlet 


STEAM  TEMPERATURE  AT  outlet 


STEAM  TEMPERATURE  AT  R  h  inlet 


STEAM  TEMPERATURE  AT  R  H  OUTLET 


STEAM  QUALITY*;  MOISTURE _ 


AIR  TEMP.  AROUND  BOILER  (AMBIENT) 


TEMP  AIR  FOR  COMBUSTION 

ITIiii  it  Bglmgct  TtgWfojwO  I _ 


TEMPERATURE  OF  FUEL 


CAS  TEMP.  LEAVING  (Bail*') 


GAS  TEMP.  ENTERING  AH  (II  condition i  to  b* 
Corrected  to  owotonfee) _ 


UNIT  QUANTITIES 


ENTHALPY  OF  SAT. LIQUID  (TOTAL  HEAT) 


ENTHALPY  OF  (SATURATED 
STM. 


ENTHALPY  OF  SAT.  FEED  TO  (BOILER) 


_ ^Ii2_cA^.cJJLY  28, 500  lbs/hr 

_ eLURNEW>  _SlZE( No)  116-82  (2) 

STATE  N/A  S'ZE  AS  FIREON/A 
FUEL  DATA 


COAL  AS  FIRED 
PROX.  ANALYSIS 


MOISTURE 


VOL  MATTER 


FIXED  CARBON 


ASH 


TOTAL 


Btu  per  lb  AS  FIRED 


ASH  SOFT  TEMP 
ASTM  METHOD 


COAL  OR  OIL  AS  FIRED 
ULTIMATE  ANALYSIS 


CARBON 


HYDROGEN 


OXYGEN 


NITROGEN 


|Btu/ib  11 182.41 


Btu/lb  188.1 


ENTHALPY  OF  REHEATEO  steam  R.H.  INLETlBto.lb 


ENTHALPY  OF  REHEATEO  STEAM  R.  H. 
OUTLET 


HEAT  ABS/LB  OF  STEAM  (ITEM  16-ITEM  17) 


HEAT  ABS.'LB  R.H.  STEAMOTEM  19-ITEm  18)  Btu/lb 


Ib/lb 


ASH 


MOISTURE 


TOTAL 


COAL  PULVERIZATION 


GRINDABILITY 

INDEX* 


FINENESS  %  THRU 
50  M* 


FINENESS  %  THRU 
ZOO  M* 


INPUT. OUTPUT 
EFFICIENCY  OF  UNIT  X 


FLASH  POINT  F  • 


Sp.  Grovity 


VISCOSITr  AT  ssu 
BURNER 


TOTAL  HYDROGEN 


CO 


CH«  METHANE 


CjH,  ACETYLENE 


C,H4  ETHYLENE 


C,h4  ethane 


H.S 


H,  HYDROGEN 


TOTAL 


TOTAL  HYDROGEN 

%  wt 


DENSITY  68  F 

ATM.  PRES 

S.  N/A 

Btu  PER  CU  FT 

N/A 

Btu  PER  LB 

N/A 

DRY  REFUSE  (ASH  PIT  t  FLY  ASH)  PER  LB 
AS  FIRED  FUEL _ 


Btu  PER  LB  IN  REFUSE  (WEIGHTED  AVERAGE)  Btu/lb 


CARBON  BURNED  PER  LB  AS  FIRED  FUEL 


DRY  GAS  PER  LB  AS  FIRED  TUEL  BURNED 


HOURLY  QUANTITIES 


ACTUAL  WATER  EVAPORATED 


REHEAT  STEAM  FLOW 


RATE  OF  FUEL  FIRING  (AS  FIRED  «i) 


TOTAL  MEAT  INPUT  (Uent-ZgjMlew  dU 
1000 


HEAT  OUTPUT  IN  BLOw.QQWN  WATER _ S  B/b. 

( I  tent  ?6*ltem  ?0)»(ltftn  ))*|ltii'  ?l  I  •  l»rm  3C  VB.'hr 

OUTPUT _ 1000 _ 

FLUE  GAS  ANAL.  (BOILERHECON)  (AIR  HTR)  OUTLET 


ITEM  31  -  100 
ITEM  29 


Btu/lb 


ib/ib  0.830 


ib/ib  |  i7.o 


HEAT  LOSS  EFFICIENCY 


HEAT  LOSS  DUE  TO  DRY  GAS 


HEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL 


N/_A„ 

114158 


A.  F.  FUEL 


1221.6 


62.6 


HEAT  LOSS  DUE  TO  H,0  FROM  COMB  OF  HJ  1297.2 


HE  AT  LOSS  DUE  TO  COMBUST.  IN  REFUSE 


HEAT  LOSS  DUE  TO  RADIATION 


UNMEASURED  LOSSES 


TOTAL 


EFFICIENCY  -  (100  -  Item  71) 


%  el  A.  F 
FUEL 


2-2 - 

A-O-- 

-1-9-4- 

80.6 


37 

CO, 

X  VOL 

33 

0, 

X  VOL 

5.0 

34 

CO 

X  VOL 

n.m 

35 

N,  (BY  DIFFERENCE) 

X  VOL 

82.7 

36 

EXCESS  AIR 

X 

5Q.  i 

*  Not  Rcqvtffd  for  Efficiency  Totting 

t  For  Point  of  Mootu»otnont  See  Por.  7.2.8.I*PTC  4.1*1964 


E-44 


SUMMARY  SHEET 


ASME  TEST  FORM 

FOR  ABBREVIATED  EFFICIENCY  TEST 


PTC  4.  l-o  ( 1964) 


Pre  Lone  Term  Emulsifier!  nil  test  NO. 


Owner  OF  plant _ u ._§ .  Coast  Guard _ _ _ location  New  London.  CT _ 

TEST  conducted  BY _ Seaworthy_En&.lne__Sy$tenUL  objective^  TESTMeasur»  Kffirit,ncy 

boil e r  make  a  type  _ Bige low  KS  20  _rajeo_capacitv 

STOKER  TYPE  A  SIZE  N/A 


STOKER  TYPE  A  SIZE  N/A 

pulverizer,  type  4  size  N/A 

PUEL  USED _ Oil _ MINE 

PRESSURES  &  TEMPERATURES 


steam  PRESSURE  IN  BOILER  drum 


steam  pressure  at  s.  h  outlet 


steam  pressure  at  r.  m.  inle  t 


,TE AM  PRESSURE  AT  R.  H.  OUTLET 


STEAM  temperature  at  outlet 


steam  TEMPERATURE  AT  R  H  inlet 


steam  TEMPERATURE  AT  r.h. outlet 


steam  oualityt.  moisture 


AIR  TEMP  AROUND  BOILER  (AMBIENT) 


,,  TEMP  AIR  FOR  COMBUSTION 

_ (THi,  it  B«l«r«nc«  Teiwffcralmr)  I _ 

12  TEMPERATURE  OF  FUEL 

13  GAS  TEMP.  LEAVING  (Boiler) _ 

1  4  CAS  TEMP.  ENTERING  AH  (II  condition!  to  bo 
corrected  to  quorontee) _ 

UNIT  QUANTITIES 


ENTHALPY  OF  SAT.  LIQUID  (TOTAL  HEAT) 


16  ENTHALPY  OF  (SATURATED 
STM 


r  duration  4  ng 
28,500  lbs /hr 


_ _ _  .BURNER,  SIZE  (No)  1 1 6-82  (2) 

county  n/A _ state _ i _ size  as  firedn/a 

FUEL  DATA  "  ~ 


38  VOL  MATTER 

39  FIXED  CARBON 


ASH 


Birr  per  lb  AS  FIRED 


ASH  SOFT  TEMP 
ASTM  METHOD 


COAL  OR  OIL  AS  FIRED 
ULTIMATE  ANALYSIS 


HYDROGEN 


OXYGEN 


FLASH  POINT  F 


VISCOSITY  AT  SSU 
BURNER 


TOTAL  HYDROGEN 

%  -l 


No_Dat 


Btu  per  lb 


CO 

CH. 

METHANE 

C^H, 

acetylene 

C,H. 

ethylene 

C,H, 

ethane 

H,S 

ENTHALPY  OF  SAT.  FEED  TO  (BOILER)  .  Q 

Btu/lb  l02.» 


18  ENTHALPY  OF  REHEATED  STEAM  R.H.  INLETlBtu.Tb 


,o  enthalpy  of  reheateo  steam  r.  h. 

_ _ OUTLET _ Ifliy/lb  N/A 

20  HEAT  ABS.  LB  OF  steam  (ITEM  16  -  ITEM  I  7)  Btu 'lb 

7  77  •  / 

21  HEAT  ABS.  LB  R.H.  STEAMIITEM  19-ITEm  18)  Btu/lb 

22  DRY  REFUSE  (ASH  PIT  •  FLY  ASH)  PER  LB 

AS  FIRED  FUEL _ Ib/lb  N/A 


_ _ HOURLY  QUANTITIES _ 

26]  actual  WATER  EVAPORATED 

27  REHEAT  STEAM  flow 

28  RATE  OF  FUEL  FIRING  (AS  FIRED  ~t) 


TOTAL 


COAL  PULVEfclZATION 


GRINDABILITY 

INDEX- 


FINENESS  %THRU 

SOM-  N/A 

50  FINENESS  %  THRU  .... 
_ 200  M-  |  N/A 

64  INPUT. OUTPUT 

EFFICIENCY  OF  UNiT  % _ 

HEAT  LOSS  EFFICIENCY 


30  HEAT  OUTPUT  IN  BLOW  DOWN  WATER  _ IB/bt 

II  (Item  26.lt.ot  201.(1  ten.  77-l.eo,  21).  Lent  3C  la  w, 

3  output-  "  "  10 00  J?9565.6 

FLUE  GAS  ANAL.  (BOILERKECON)  (AIR  HTR)  OUTLET _ 

32  CO, _  _  K  VOL  j  £  .  7 

33~  —  _ %  VOL  _ 

34  CO _ 1] _ I _ %  VOL  q 

35  N,  (BY  DIFFERENCE) _ %  VOL  fl?  .  7 

J*  EXCESS  AIR  * _ %  7ft  .1 


Btu/lb 

•/> 

•O  1 

1 

Z 

Ib/lb 

0.83Q1  6±. 

Ib/lb 

16.5  *7 

_ _  68 

Ib'hr 

1957M.7 

Ib/br 

_N/A _ 

Ib/Kr 

>158.1  71 

1.0/h  r 

72 

39165J9 

kB/Kr 

..N/A  — 

I.O/K, 

>9565.6 

OUTLET 

%  VOL 

12.Z_ 

S  VOL 

4.6 

%  VOL 

0 ,  (Jl 

%  VOL 

fKb'.i 

TOTAL  HYDROGEN 


DENSITY  68  F 

ATM  PRESS.  N/A 


63  Btu  PER  CU  FT 
4'  Btu  PER  LB 


ITEM  31  -  100 

ITEM  29 _  7S  .  ■S 

Btu/lb  %  si  A.  F. 

_ A.  F.  FUEL  FUEL _ 

1982.5  10.9 


:r_ .  Q_9 _ 

_ IJL- 

_ 22uJSL- 


*  Not  Required  lor  Efficiency  Totting 

t  For  Point  of  Mtoiuitmani  Por.  7.2.8. 1-PTC  4.1-1964 


E-45 


SUMMARY  SHEET 


Test  Serlesi _ 

Owner  OF  PLANT 


TEST  CONDUCTED  BY 

BOILER  make  4_t_vp£ _  _ Bigelow  KS  20 

STOKER  TYPE  &  SIZE  N/A 

PULVERIZER.  TYPE  4  SIZE  N/A 

FUEL  USEO _ Oil _ MINE _ N/A 


PRESSURES  &  TEMPERATURES 


STEAM  PRESSURE  IN  BOILER  DRUM 

STEAM  PRESSURE  AT  S.  H  OUTLET 
STEAM  PRESSURE  AT  R.  M.  IN  L  E  T 

steam  pressure  at  r.  h.  qu  t  l  e  t 
steam  TEMPERATURE  AT  outlet 


steam  TEMPERATURE  AT  R  H  INLET 


STEAM  TEMPERATURE  AT  R  H  OUTLET 


water  TEMP.  ENTERING  (BOILER 


STEAM  QUALITY^.  MOISTURE 


AIR  TEMP.  AROUND  BOILER  (AMBIENT) 


,,  TEMP  AIR  FOR  COMBUSTION 
_ (TR»»  i%  Reltunct  T«wptialw*l  I _ 

12  TEMPERATURE  OF  FUEL 

13  GAS  TEMP.  LEAVING  (Boiler) _ 

14  GAS  TEMP.  ENTERING  AM  (II  conditions  *o  be 

corrected  to  quotonfee) _ 

UNIT  QUANTITIES 


ENTHALPY  OF  SAT. LIQUID  (TOTAL  MEAT) 


16  |  ENTHALPY  OF  (SATURATED' 
i  STM. 


ENTHALPY  OF  SAT.  FEEO  TO  (BOILER) 


A.SME  TEST  FORM 

FOR  ABBREVIATED  EFFICIENCY  TEST  PTC  4. l.c (1964) 


Pre  Long  Term  Emulsified  Oil  test  no.  6 _ boiler  no.  Pate  6 / 24/ 8 1 

U.S.  Coast  Guard _  location  New  London.  CT _ _____ 

SeaworthyJng.ine.Jysifims. _ objective  or  TESTMeaaure  Eff<r<<tnry  duration _4l_wb_ 

Bigelow  KS_ 20 _  _  _ _  _ 28., 5.00  .lbs /hr 


. . . .  _Q_URN.EH*  SIZJX  No.)  1 1 6-82  ( 2 ) 

STATE  N/A  SIZE  AS  FIREDN/A 


FUEL  DATA 


OIL 


39  FIXED  CARBON 


ASH 


TOTAL 


Btu  per  lb  AS  FIRED 


ASH  SOFT  TEMP.- 
ASTM  METHOD 


COAL  OR  OIL  AS  FIRED 
ULTIMATE  ANALYSIS 


_ JJULA. 

f.  M&..1 

F  N/A 


96.7 


Btv/ib  1182.4 


Biw/ib  186.3 


IB  I  ENTHALPY  OF  REHEATED  STEAM  R.  H.  INLETlBtu.Tb  I  N/A 


,9  ENTHALPY  OF  REHEATED  steam  R.  H. 

OUTLET  Btvt/lb 


20  HEAT  ABS.'LB  OF  STEAM  (ITEM  16  -  I  i  .M  17)  Hip  lb 


21  HEAT  ABS.  LB  R.H.  STEam(ITEm  19-ITEm  18)  Btu/lb 


22  DRY  REFUSE  (ASH  PIT  ♦  FLY  ASH)  PER  LB 

AS  FIRED  FUEL  [Ib/lb 


Btu  PER  LB  IN  REFUSE  (WEIGHTED  A  VE  RACE )  Btu/lb 


CARBON  BURNED  PER  LB  AS  FIRED  FUEL  Ib/lb 


DRY  GAS  PER  LB  AS  FIRED  TUEL  BURNED  |  Ib/lb 


HOURLY  QUANTITIES 


AC  TUAL  WATE  R  E  VaPORA  T  f  D  Ibbr 


REHEAT  steam  FLOW  lib /Kr 


RATE  OF  FUEL  FIRING  (AS  FIRED  ~t)  |lb-ht 


29  TOTAL  HEAT  INPUT  7*  *.  *)  > 

__  _  _  _ _ 1000  _ 

30  HEAT  OUTPUT  IN  BLOW  DOWN  »A  TER  Ibfl/hr 

)|  ^£^jE|ltem76.lten'?0l,(ll.ni77'lte'v?lMl,Cfn3C  |  0  i> ,  . 

OUTPUT _ 1000 _ _____ 

FLUE  GAS  ANAL.  (BOIL  E  R)(E  CON)  (AIR  MTR)  OUTLET 


HYDROGEN 


OXYGEN 


NITROGEN 


SULPHUR 


ASH 


MOISTURE 


TOTAL 


COAL  PULVEllIZATION 


GRINDABILITY 

index- 


fineness  %thru 

50  M- 


83.01 


12.20 


4.21 


0.17 


C^H,  ACETYLENE  N/A 


C,H.  ETHYLENE  N/A 


C|  H.  ETHANE 


FINENESS  %  THRU  . 

200  M-  N/A 


DENSITY  68  F 

ATM.  PRESS.  N/A 


Btu  PER  CU  FT 


Btu  PER  LB 


HEAT  LOSS  EFFICIENCY 


HEAT  LOSS  DUE  TO  DRY  GAS 


N/A 


INPUT. OUTPUT  ITEM  31  -  100 

EFFICIENCY  OF  UNIT  %  ITEM  29 


Blu/lb  Sol  A.  F 

A.  F.  FUEL  FUEL 


1806.1  10.0 


HEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL 


HEAT  LOSS  DUE  TO  H,0  FROM  COMB  OF  hJ  1385.4 


ME  AT  LOSS  DUE  TO  COMBUST.  IN  REFUSE 


HEAT  LOSS  DUE  TO  RADIATION 


UNMEASURED  LOSSES 


TOTAL 


EFFICIENCY  =  (100  -  Item  71) 


32 

CO, 

•4  VOL 

13.  Q. 

33 

0, 

*  VOL 

4.0 

34 

CO 

*  VOL 

ilJ31_ 

3) 

N,  (BY  DIFFERENCE) 

%  VOL 

AT.n 

36 

EXCESS  AIR 

% 

21.9. 

Not  Required  for  Efficiency  Totting 
t  For  Point  of  Mooturomont  So#  Pet,  7.2.®.I*PTC  4.1*1964 
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SUMMARY  $HfET 


A.SME  TEST  FORM 

FOR  ABBREVIATED  EFFICIENCY  TEST 


PTC  4.1-0(1964) 


OWNER  OF  PLANT  U. 


Tt*  ][  conoucteo  by _ Se  a  wo r  t  hv  E  ngin  g_  Syst  sins. 

BOILER  MAKE  &  TYPE  _ Bigelow  KS  20. 

STOKER  TYPE  &  SIZE  N/A 

PULVERIZER,  type  &  SIZE  N/A 

FUEL  USEO _ Oil _ mine _ N/A _ 

PRESSURES  &  TEMPERATURES 


steam  PRESSURE  IN  BOILER  DRUM 


STEam  PRESSURE  AT  S  H  OUTLET 


steam  pressure  at  r.  h.  inle  t 


steam  PRESSURE  AIR.  H.  OUTLE  T 


5  STEAM  TEMPERATURE  AT  OUTLET 


STEAM  TEMPERATURE  AT  R  H  INLET 


STEAM  TEMPERATURE  AT  R  H  OUTLET 


STEAM  QUA  LI  T  Y  %  MOISTURE 


AIR  TEMP.  AROUND  BOILER  (AMBIENT) 


TEmP  AIR  FOR  COMBUSTION 

(Thil  is  Reference  Temperature)  1 


TEMPERATURE  OF  FUEL 


CAS  TEmP.  LEAVING  (Boiler) 


GAS  TEMP.  ENTERING  AH  (II  conditions  to  be 
_ corrected  to  guorontee) _ 


UNIT  QUANTITIES 


ENTHALPY  OF  SAT.  LIOUIO  (TOTAL  HEAT) 


location  New  London.  CT 


OBJECTIVE  OF  TESTya.0ll-A  Prrr 


duration  4 


J,aT1?_CaPaCI_ty .28.,  500  lbs /hr 

nu RNEH>  S1JL( No.)  116-82  (2 ) 

>TE  N/A  SIZE  AS  FIREDN/A 


STATE  N/r 
FUEL  DATA 


OIL 

r  LASH  POINT  F  • 

Sp.  G  F  O  w  *  t  y 

0.9206 

VISCOSITY  AT  SSU- 
BURNER 

.  me  - . . .  " 

130 

ENTHALPY  OF  (SATURATED' 
STM. 


ENTHALPY  OF  SAT.  FEED  TO  (BOILER) 


Btu/lb 


Btu/lb 


Btu/lb 


ENTHALPY  OF  REHEATED  STEAM  R.H.  INLET  Btu. lb  N/A 


ENTHALPY  OF  REHEATEO  steam  R.  h. 

OUTLET _ _ Btu/lb  N/A 

HEAT  ABS.  LB  OF  STEAM  (ITEM  16  -  ITEM  17)  Btu  lb 


TOTAL 


Btu  per  lb  AS  FIRED 


ASH  SOFT  TEMP 
ASTM  me  THOD 


COAL  OR  OIL  AS  FIRED 

ultimate  analysis 


CARBON 


HYDROGEN 


OXYGEN 


NITROGEN 


SULPHUR 


ASH 


MOISTURE 


TOTAL 


COAL  PULVERIZATION 


GRINDA  Bl  LIT  Y 
INDEX' 


H  E  J  T  ABS.LB  R.H.  STEAM  (IT  EM  19 -ITEM  1  Bl 


1000.3 


N/A 


TOTAL  HYDROGEN 

%  wt 


DENSITY  68  F 

ATM.  PRESS.  N/A 

Btu  PER  CU  FT 

N/A 

Bn,  PER  LB 

n/a 

DRY  REFUSE  (ASH  PIT  •  FLY  ASH)  PER  LB 

AS  FIRED  FUEL _ Ib/Tb  N/A 


Btu  PER  LB  IN  REFUSE  (WEIGHTED  A  VE  RAGE )  |Btu/lb 


Carbon  burned  per  lb  as  fired  fuel 


DRY  GAS  PER  LB  AS  FIRED  TUEL  BURNED  |  lb/lb 

HOURLY -QUANT!  TIES  _  _ 

ACTUAL  WATER  EVAPORATED  Ib-Kr 

REHEAT  STEam  FLOW  lb/br 

RATE  OF  FUE  L  FIRING  (AS  FIRED  -t)  lb/hr 

TOTAL  HEAT  INPUT  *  I'er-t  4±)  kB/b, 

_ 1000  _ _ _ 

heat  output  in  blow  down  water  iB/h.  I  u/t. 


HEAT  LOSS  EFFICIENCY 


HEAT  LOSS  DUE  TO  DRY  GAS 


HEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL 


MEAT  LOSS  DUF  TO  HjO  FROM  COMB  OF  H 


HE  A  7  L  OSS  DUE  TO  COMBUST.  IN  REFUSE  | _ _ 

MEA  T  LOSS  DUE  TO  RADIATION  f - 

UNMf  ASURE  D  l  OSSE  S  I - 

TOTAL 


B»w/lb  %  of  A. 

A.  F.  FUEL  FUEL 


1852.0  10.2 


E  F  FICIFNCY  noo  -  Item  71) 


^  y  (ltetti?fr.lter"?01r(lt.n.  ?7*lle-  7  I  I  •  I  'em  3C  k  (T  r.  . 

OUTPUT  1000 _ 2 

FLUE  GAS  ANAL,  (BOIL  E  R)(E  CON)  (AIR  HTR)  OUTLET 


N/A 

7  584.9 


3? 

CO, 

%  VOL 

13.0 

33 

0. 

%  VOL 

4.1 

34 

CO 

\  VOL 

l-Q.Ql- 

3S 

N,  (BY  DIFFERENCE) 

%  VOL 

36 

EXCESS  AIR 

% 

ZZSu. 

’Not  Recurred  lor  EHtcrencr  Tolling 
t  For  Pont  ol  Meo.urement  See  Pot.  7.2.8.  l-PTC  4.1 
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•UMMARY SHEET 


Owneb  of  plant _ U ,s.  Coast  Guard _ _ _ location  New  London.  CT 

TEST  conducted  by _ Seaworthy  Engine  Systems  ___  ootective  or  TESTMpaB„ro  Fff 

boiler  make  *_type  Bigelow  KS  20  rateoc 

STOKER  TYPE  &  SIZE  N/A 

PUL  .  t  RI7ER.  TYPE  &  SIZE  N/A  BURNER 

euel  used _ Oil _ mine _ N/A _ county  n/A _ state  ^ 

PRESSURES  &  TEMPERATURES  FUEL  DAT 


A.SME  TEST  FORM 

FOR  ABBREVIATED  EFFICIENCY  TEST 


PTC  4. 1-a ( 1964) 


date 


BOIL  E  R  MAKE  &  TYPE 
STOKER  TYPE  S.  SI  £  E 


FUEL  USED 


■p  Ef  f  ^  f  i  pnfy  DURATION  4  HR 

RAlE°  CAPAC,Tr  28, 500  lbs/hr 

nuRNEK>  SlZE(No)l  16-82  (2) 

IE  n/A  size  as  fireon/a 


*TATE  N/j 

FUEL  DATA 


STEam  PRESSURE  IN  BOILER  DRUM 

steam  pressure  at  s.  m  outlet 
steam  pressure  at  r.  m.  inlet 

steam  P  RESSUR  E  At  R.  M.  OU  T  L  E  T _ 

STEAM  TEMPERATURE  AT  OUTLET 


steam  TEMPERATURE  AT  R  n  inlet 


steam  TEMPERATURE  AT  R.H.  OUTLET 


water  TEMP  ENTERING  (BOILER 


STEAMQUALITYU  MOISTURE 


AIR  TEMP.  AROUND  BOILER  (AMBIENT) 


TEMP  AIR  FOR  COMBUSTION 
(THit  is  Reference  Tempcrolure)  I 


TEMPERATURE  OF  FUEL 


GAS  TEMP.  LEAVING  (Bo. ler) 


<4  GAS  TEMP.  ENTERING  AH  (II  conditions  <o  be 

corrected  *o  quoronlee) _ _ 


UNIT  QUANTITIES 


ENTHALPY  OF  SAT.  LIQUID  (TOTAL  HEAT) 


ENTHALPY  OFISATURATED 
STM 


ENTHALPY  OF  SAT.  FEED  TO  (BOILER) 


ENTHALPY  OF  REHEATED  STEAM  R.H.  INLET  Bio.  lb  N/A 


ENTHALPY  OF  REHEATED  steam  R.  H. 
OUTLET 


HEAT  ABS.'LB  OF  STEAM  (ITEM  16  -  ITEM  17) 


HEAT  ABS.  LB  R.H.  STEAM  (IT  EM  19 -ITEM  18)  Bio/ lb 


27  ORY  REFUSE  (ASH  PIT  •  FLY  ASH)  PER  LB 

AS  FIRED  FUEL  _ Mb/lb  I  N/A 


B.o  PER  LB  IN  REFUSE  (WEIGHTED  A  VE  R  AGE  )  lBio/lb  N/A 


CARBON  BURNED  PER  LB  AS  FIRED  FUEL  Ib/lb 


ORY  GAS  PER  LB  AS  FIRED  ruEL  BURNED  |  Ib/lb 
HOURLY  QUANT  I  TIE  S 

actual  water  evaporated 

REHEAT  STEam  FLOW 

78  RATE  OF  FUEL  FIRING  (AS  FIRED  «..) 

79  TOTAL  HEAT  INPUT  I'lem  78  »  liern 41) 

|  1000 


ASH  SOFT  TEMP.- 
ASTM  ME  THOD 


COAL  OR  OIL  AS  FIRED 
ULTIMATE  ANALYSIS 


CARBON 


HYOROGEN 


OXYGEN 


NITROGEN 


ASH 


MOISTURE 


TOTAL 


COAL  PULVERIZATION 


GRINDABILITY 

INDEX* 


83 

.01 

12 

.20 

4. 

21 

0. 

17 

0. 

40 

0. 

013 

CO 

CH. 

METHANE 

C.j  Hj 

ACETYLENE 

C,H. 

ETHYLENE 

C,H. 

ethane 

H,S 

N/A 


hydrogen  |  n/A 


TOTAL  HYDROGEN 

%  -t 


67  DENSITY  68  F 

ATM.  PRESS.  N/A 


63  I  Bio  PER  CU  FT 


INPUT  -OU  T  PU  T 

ITEM  31  * 

1  JO 

EFFICIENCY  OF  UNIT  % 

ITEM 

l _ _ 

MEAT  LOSS  EFFICIENCY 

Bt«/lb 

A.  F.  FUEL 

HEAT  LOSS  DUE  TO  DRY  GAS 


HEAT  LOSS  DUE  TO  MOIST URF  IN  FUEL 


1807.0  10.0 


0.37 


MEAT  LOSS  DUE  TO  HjO  FROM  COMB  OF  H, 

1381.6 

HEAT  LOSS  DUE  TO  COMBUST  IN  REFUSE 

H[A  7  LOSS  DUE  TO  RADIATION 

— 

UNMf  ASURED  l  OSSE  s 

| - 

TOTAL 

E  F  FICIENCY  -  (100  -  Item  ?l) 

30 

HEAT  OUTPUT  IN  BLOW  DOWN  WATER 

I.B/hr 

N/A  ... 

!  1 

Y  ^  f  1  ifpi  ?f. »  hem  PO)  '(Iipri  *  1  tem  J  1 ;  *  Item  3C 
OUTPUT  1000 

kO 

24645.8 

FLUE  GAS  ANAL.  (BOILERMECON)  (AIR  HTR) 

OUTLET 

32 

CO, 

VOL 

• 

Csl 

33 

0, 

%  VOL 

4.6 

34 

CO 

%  VOL 

__a.QL- 

N,  (BY  DIFFERENCE) 

*  VOL 

82.7 

36 

EXCESS  AIR 

% 

1-. 

*  Not  Required  for  Efficiency  Testing 

t  For  Point  of  Measurement  See  Por.  7.2.8.1*PTC  4.1-1964 
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A.SME  TEST  FORM 

SUMMARY  SHEET  FO  R  A  B B R E  VI  A  T  E  D  E  F  FI  Cl  ENC  Y  T  E S  T  PTC  4.  l.„ (1964) 

Teat  Sarins 8 _ Pre  Long  Term  Emulsified  Oil  TEST  N°  Q _ boiler  no.  3 

owner  of  plant _ U Coast  Guard . . . location  New  London.  CT _ _ 

TEST  conducted  or _ Se a  wort h  y_E  ngin  e_ _Sy$i objective  of  testMp agnrp  Efficiency  0URAT ion  4  ^ 

boiler  make  b  type  Bigelow  KS. 20  _  _ ?.ATiEJ:Al*.cli_Y 28, 500  lb* /hr 

stoker  type  &  SIZE  N/A 


PULVERIZER.  TYPE  A  SIZE  N/A  _  _  burner^  Sl_ZE.(No_)  1 16-82  (2) 

FUEL  USEO  Oil  MINE  N/A  COUNTY  N/A  state  N/A  size  AS  firedn/a 

PRESSURES  &  TEMPERATURES  fuel  data 


1 

STEAM  PRESSURE  in  OOILER  drum 

ps  >o 

97,3 

COAL  AS  FIRED 
PROX.  ANALYSIS 

%  Wl 

OIL 

2 

STEAM  PRESSURE  AT  S.  M  OUTLET 

psio 

N/A. 

37 

MOISTURE 

K/A 

51 

FLASH 

POINT  F- 

No  Dan 
Q.-92Q6. 

125 

3 

steam  pressure  at  r  m.  inlet 

PS  •  o 

N/A 

38 

VOL  MATTER 

-N/A- 

52 

Sp.  Gro 

rity 

4 

steam  pressure  at  R  m  outlet 

psto 

N/A 

39 

FIXED  CARBON 

N/A 

53 

VISCOSITY  AT  SSU’ 
BURNER 

5 

STEAM  TEMPERATURE  AT  OUTLET 

F 

324.1 

40 

ASH 

N/A 

44 

TOTAL  HYOROGEN 

%  -t 

12.20 

m 

STEAM  TEMPERATURE  AT  R  M  INLET 

F 

N/A 

TOTAL 

ra 

Btu  per 

lb 

18148 

m 

steam  temperature  AT  R.H.  OUTLET 

F 

N/A 

n 

Btu  p«.  lb  as  FIRED 

N/A 

m 

water  TEMP  ENTERING  .  .(BOILER) 

wm 

v m 

H 

ASH  SOFT  TEMP.- 
ASTM  ME  THOD 

mm 

GAS 

%  VOL 

■i 

PM 

mm m 

COAL  OR  OIL  AS  FIRED 

■■ 

STEamQUaliTYT.  MOISTURE 

EM 

ULTIMATE  ANALYSIS 

S4 

CO 

WlrWM 

m 

AIR  TEMP.  AROUND  BOILER  (AMBIENT) 

F 

84 

a 

CARBON 

K9 

CM«  methane 

N/A 

L" 

TEMP  AIR  FOR  COMBUSTION 
(Thi»  is  Reference  Tempe»o»ure)  t 

m 

76.9 

44 

HYDROGEN 

12.20 

i 

C,H,  ACETYLENE 

N/A 

■a 

TEMPERATURE  of  FUEL 

F 

120.8 

45 

OXYGEN 

4.21 

m 

C,H.  ETHYLENE 

N/A 

m 

GAS  TEMP.  LEAVING  (Bo.I.r) 

F 

413.0 

46 

nitrocen 

0.17 

n 

C.M, 

ethane 

N/A 

Li. 

GAS  TEMP.  ENTERING  AM  (II  conditions  to  be 
corrected  to  Quorontee) 

F 

47 

SULPHUR 

KWH 

19 

H,S 

m 

UNIT  QUANTITIES 

m 

ASH 

Hi 

E9 

CO, 

N/A 

ENTHALPY  OF  $A T .  LI0U10  (TOTAL  HEAT) 

Btu/lb 

296.3 

K9 

MOISTURE 

mm 

HI 

M, 

hydrogen 

N/A 

i 

ENTHALPY  OFISATURATED- 
STM. 

Btu/lb 

mm 

TOTAL 

j 

TOTAL 

17 

ENTHALPY  OF  SAT.  FEED  TO  (BOILER) 

Biu/lb 

184.7 

COAL  PULVERIZATION 

1 

TOTAL  HYDROGEN 

%  wt 

N/A 

18 

ENTHALPY  OF  REHEATED  STEAM  R.H.  INLET 

B»u,  lb 

N/A 

48 

grindability 

IND E  X* 

N/A 

DENSITY  68  F 

ATM.  PRESS.  N/A 

B 

ENTHALPY  of  REHEATED  STEAM  R.  H 
OUTLET 

Btu/lb 

__N/A 

49 

FINENESS  %  THRU 

50  M* 

N/A 

63 

Btu  PER  CU  FT 

N/A 

m 

HEAT  ABS'LB  OF  STEAM  (ITEM  16-ITEM  171 

Btu  lb 

998.0 

50 

FINENESS  %  THRU 
200  M  • 

N/A 

4! 

Biu  PER  LB 

N/A 

21 

HEAT  ABS.LB  R.H.  STEAM  (ITEM  19-ITEM  16) 

B  tu/  1  b 

N/A 

64 

INPUT- OUTPUT 

ITEM  31 

100 

EFFICIENCY  OF  UNIT  % 

ITEM  ?9 

77.0 

27 

DRY  REFUSE  (ASH  PIT  •  FLY  ASH)  PER  LB 

AS  FIRED  FUEL 

lb/ lb 

N/A 

HEAT  LOSS  EFFICIENCY 

Bfv/lb  | 

A.  F.  FUEL  I 

%  of  A.  F 
FUEL 

23 

Btu  PER  LB  IN  REFUSE  (WEIGHTED  AVERAGE) 

Btu/lb 

N/A 

65 

HEAT  LOSS  DUE  TO  DRY  GAS 

P  LyliHtMl 

7.9 

24 

CARBON  BURNED  PER  LB  AS  FIRED  FUEL 

Ib/lb 

0.8301 

66 

HEAT  LOSS  DUE  TO  MOISTURE 

IN  FUEL 

0.35 

25 

DRY  GAS  PER  LB  as  FIRED  TUEL  BURNED 

lb/  lb 

17.8 

67 

HEAT  LOSS  DUE  TO  H,0  FROM  COMB  OF  H, 

1321.0 

7.3 

HOURLY  QUANTITIES 

68 

hF.aT  LOSS  DUE  TO  COMBUST. 

IN  REFUSE 

ACTUAL  WATER  EVAPORATED 

lb  '  Hr 

13215JD 

69 

HEAT  LOSS  DUE  TO 

RADIATION 

— 

1.9 

27  1 

REHEAT  STEam  FLOW 

lb  'br 

N/A 

70 

UNMf  ASURED  l  osses 

_ — 

3j_0.  _ 

28 

29 

rate  of  fuel  firing  (as  fired  -o 

total  HEAT  INPUT  (lirm  28  k  llfo  -It) 

1000 

1  b'  b  r 

I.B/br 

944.0 

L  71 32.2 

71 

72 

TOTAL 

EFFICIENCY  -  (too 

1  lem  7  1 ) 

— - 

— 

........  . 

20^.5... 

79.5 

30 

HEAT  OUTPUT  IN  BLOW  DOWN  WATER 

V  B/  br 

N/A 

J1 

y  ^  (!*er»*  ?<•  wlten*  20 1  •  ( 1  irm  27  •llei’  ?l  |  •  !•*•«  30 

OUTPUT  1000 

IB  b, 

13188.9 

FLUE  CAS  ANAL.  (BOILERMECON)  (AIR  HTR)  OUTLET 

37 

CO, 

•4  VOL 

11, .7 

33 

O, 

%  VOL 

5.4 

34 

CO 

Si  VOL 

,0.0.1 . 

3S 

N,  (BY  DIFFERENCE) 

%  VOL 

82.9 

36 

EXCESS  AIR 

% 

22jQ- 

For  Point  of  Meotu'enent  So*  Por.  7.2.B.I.PTC  4.I«I964 
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SUMMARY  SHEET 


ASME  TEST  FORM 

FOR  ABBREVIATED  EFFICIENCY  TEST 

?re  Long  Term  Emulsified  Oil  tEST no  to  _ 


BOILER  NO. 


pTC  4.1-0(1964) 
_ °*TE  6/29/fll 


Owner  of  plant _ U .S.  Coast  Guard _ _ _ location  New  London.  CT 

TEST  CONDUCTED  by  . . Seaworthy.  Engine  Systems  _ ...  objective  of  TESTMpagllrp  Fff 

boiler  make  &_type  Bigelow  KS_20  rated c 

S  TOk  6  R  TYPE  &  SIZE  N/A 

PULVERIZER.  TYPE  &  SIZE  N/A  BURNER 

FUEL  USED  Oil _ mine _ N/A _ COUNTY  N/A  STATE  M 


:e  EfflrEenry  Duration  4yR 
rateo  capacity  28,500  lbs/hr 


EUEL  USED _ Oil _ MINE 

PRESSURES  &  TEMPERATURES 


STEAM  PRESSURE  IN  BOILER  DRUM 


steam  pressure  at  s  h  outlet 


steam  pressure  at  r.  m.  inle  t 
steam  pressure  at  r  H  outle t 


steam  temperature  at  outlet 


steam  TEMPERATURE  at  R  h  inlet _ 


steam  TEMPERATURE  at  R.h.  outlet 


water  TEMP  ENTERING  .  .(BOILER 


steam  quality?;  moisture 


AIR  TEMP.  AROUNO  BOILER  (AMBIENT) 


TEMP  AIR  FOR  COMBUSTION 
(THit  it  R*f«r«nc«  Tt"»p«fOt«E*)  « 


TEMPERATURE  OF  FUEL 


CAS  TEMP.  LEAVING  (BoiUr) 


CAS  TEMP.  ENTERING  AH  (II  conditions  io  be 


T  Hi  Til  1  T II 


UNIT  QUANTITIES 


ENTHALPY  OF  SAT.  LIQUIO  (TOTAL  HEAT) 


ENTHALPY  0F(SATURaTED 
STM. 


ENTHALPY  OF  SAT.  FEE0  TO  (BOILER) 


BURNER,  sltt(  No)  116-82  (2) 
TE  N/A  SIZE  AS  FIREDN/A 


N/i 

FUEL  DATA 


MOISTURE 


38  VOL  MATTER 

39  FIXED  CARBON 


ASH 


lb  AS  FIRED 


ASH  SOFT  TEMP.- 
ASTM  METHOD 


COAL  OR  OIL  AS  FIRED 
ULTIMATE  ANALYSIS 


CARBON 


r  a 

OIL 

FLASH  POINT  F  • 

No  Bat, 

Sp.  Giovity 

0.9206 

VISCOSITY  AT  SSU- 

BURNER 

_1_31 _ 

12.20 

18148 


lu/ib  296.7 


leiu/ib  11183. 


Bfu/lb  189.7 


hydrogen 


OXYGEN 


nitrogen 


sulphur 


ASH 


MOISTURE 


83.01 


12.20 


4.21 


0.17 


0.40 


0.013 


- 1 

CO  1 

CM.  METHANE 

N/A 

C,H,  ACETYLENE 

N/A 

C,M.  ETHYLENE 

N/A 

ENTHALPY  OF  REHEATED  STEAM  R.H.  INLETlBiu.Tb 


enthalpy  of  reheated  steam  r.  h. 

OUTLET  _ 


HEAT  ABS.'LB  OF  STEAM  (ITEM  16  -  ITEM  171 


HEAT  ABS.’LB  R.H.  ST  E  AM  (ITEM  19-ITEM  181  Bi./lb 


TOTAL 


COAL  PULVEblZATION 


GRINDABILITY 

INDEX* 


FINENESS  %  THRU 

50  M- 


FINENESS  %  THRU 
ZOO  M- 


INPUT. OUTPUT 

ITEM  31  * 

EFFICIENCY  OF  UNIT  % 

ITEM  29 

ORY  REFUSE  (ASH  PIT  •  FLY  ASH)  PER  LB 

AS  FIRED  FUEL  _  Ib/lb 


Bt«  PER  LB  IN  REFUSE  (WEIGHTED  A  VE  RAGE )  Bi./lb 


CARBON  BURNED  PER  LB  AS  FIRED  FUEL  Ib/lb 


DRY  GAS  PER  LB  AS  FIRED  TUEL  BURNED 


HOURLY  QUANTITIES 


ACTUAL  WATER  EVAPORATED 


REHEAT  STEAM  FLOW 


RATE  OF  FUEL  FIRINC  (AS  FIRED  .i| 


TOTAL  HEAT  INPUT  I!.1**.??-!- '.’.•"Ail 
1000 


HEAT  OUTPUT  IN  BLOWDOWN  WATER_ _ V  B/b. 

j  ( him  ?6*llfm  ?0)*(llmo.  7  7  'll...  Jl|  i  I'f.  3C  It  3  ■  L  r 

OUTPUT _ 1000 _ 

FLUE  GaS  ANAL.  (BOILERMECON)  (AIR  HTR)  OUTLET 


N/A 


N/A 


'fc/'k  1 0.8301 


ib/ib  1 17.4 


HEAT  LOSS  EFFICIENCY 


HEAT  LOSS  DUE  TO  DRY  GAS 


HEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL 


DENSITY  68  F 

ATM.  PRESS.  N/A 


Btv  PER  CU  FT 


B.u  PER  LB 


Bfv/lb 
A.F.  FUEL 


1494.9 


64.1 


MEAT  LOSS  DUF  TO  H,0  FROM  COMB  OF  hJ  1327.4 


HEaT  LOSS  DUE  TQ  COMBUST-  IN  REFUSE  | _ _  _ 

HEAT  LOSS  DUE  TO  RADIATION  HI - 

UNMEASURED  l  OSSES  j - 

TOTAL- 

EFFICIENCY  -  (100  -  Item  71) 


..N/A  .J 
16215.5 


37 

CO, 

X  VOL 

.12.0 

33 

0, 

*  VOL 

5.2 

34 

co 

*  VOL 

0.01 

3S 

N,  (BY  DIFFERENCE) 

X  VOL 

82.8 

36 

EXCESS  AIR 

% 

3Q.5 

’  Not  Rtquirtd  lot  EHiovncy  T**tin9 

I  For  Potnt  pi  Mtoiuiimin)  See  Po».  7.2.I.I*PTC  4.1*1964 
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A.SME  TEST  FORM 


SUMMARY  SHEET  pOR  ABBREVIATED  EFFICIENCY  TEST  pTC  4.  (1964) 


Test  Series: _ Pre, Long. Term 

Emulsified  Oi 1 

TEST  NO  BOILER  NO.  DATE  6/29/81 

OWNER  OF  PLANT  U.S.  Coast  Gu 

ard _ 

LOCA  TION  New 

London 

.  CT 

— 

|  test  conducted 8t  Seaworthy  Enslne  Systems 

OBJECTIVE  OF  TESTMeasurg 

Effirlonrv  DURATION  4  HR 

boiler  make  4  type  Bigelow  KS  20 

RATED  capacity'  ,o  *00 

lbs/hr_ 

STOKER  TYPE  4  SIZE  N/A 

PUL 

■  C  RIZER.  TYPE  4  SIZE  N/A 

bu  rne  k  SlZE(NoJl6- 

82  (2) 

|  FUEL  USED  Oil  MINE  N/A 

COUNTY  n/A 

state 

N/A 

SIZE  AS  FIREDN/A  1 

PRESSURES  &  TEMPERATURES 

FUEL 

DATA 

1 

steam  PRESSURE  IN  BOILER  drum 

p... 

99.3 

COAL  AS  FIRED 
PROX.  ANALYSIS 

%  *t 

OIL 

7 

STEAM  PRESSURE  AT  S  M  OUTLET 

BS9 

N/A- 

37 

MOISTURE 

N/A 

- 

FLASH 

POINT  F* 

NoDati 

Q.9206_ 

131 

3 

steam  pressure  at  r  m.  inle  t 

ps*o 

N/A 

38 

VOL  mat  TER 

N/A 

s 

Sp.  GrOwity  .  • 

4 

steam  pressure  at  r  m.  outle  t 

m 

N/A 

39 

FIXED  CARBON 

N/A 

i 

VISCOSITY  AT  SSU* 
BURNER 

5 

steam  temperature  at  outlet 

m 

324.7 

40 

ASH 

N/A 

H 

total  hyorocen 
%  -1 

12.20 

6 

steam  temperature  at  r  m  inlet 

F 

N/A 

TOTAL 

rm 

Btu  per 

lb 

18148 

m 

steam  temperature  at  r.h.  outlet 

F 

N/A 

n 

Btu  per  lb  A$  FIRED 

nK9i 

Si 

WATER  TEMP.  ENTERING  (BOILER) 

F 

221. 4_ 

ASH  SOFT  TEMP.* 
ASTM  METHOD 

IM 

GAS 

%  VOL 

■i 

■■ 

0.44 

COAL  OR  OIL  AS  FIRED 

■Kl 

m 

steam  quality?;  moisture 

EC 

ultimate  analysis 

S4 

CO 

1  ?  S* 

m 

AIR  TEMP.  AROUND  BOILER  (AMBIENT) 

F 

92 

a 

CARBON 

83.01 

□ 

CM.  METHANE 

N/A 

L" 

TEMP  air  FOR  COMBUSTION 

(THift  IS  Reference  Temperature) 

!■ 

85.4 

HYDROGEN 

12.20 

56 

C,H,  ACETYLENE 

N/A 

m 

TEMPERATURE  OF  FUEL 

F 

120.3 

Q 

OXYGEN 

4.21 

□ 

C,H.  ETHYLENE 

N/A 

m 

GAS  TEMP.  LEAVING  (Bo.I««) 

F 

480.5 

K9 

NITROGEN 

0.17 

H 

C,M.  ETHANE 

N/A 

CAS  TEMP.  ENTERING  AM  (II  condition*  to  be 
corrected  to  auorontee) 

F 

H 

SULPHUR 

0.40 

19 

M.S 

IfMH 

UNIT  QUANTITIES 

40 

ASH 

0.013 

E9 

CO, 

N/A  I 

■n 

ENTHALPY  OF  sat.  LIQUID  (TOTAL  HEAT) 

rmn 

19 

MOISTURE 

mm 

B* 

H, 

HYDROGEN 

e nm\ 

16 

ENTHALPY  OFISATURATED 

STM 

Btu/lb 

1183.1 

TOTAL 

TOTAL 

1  7 

ENTHALPY  OF  sat.  FEEO  TO  (BOILER) 

Btu/lb 

189.4 

COAL  PULVERIZATION 

■ 

TOTAL  HYDROGEN 

%  wt 

N/A 

•  8 

ENTHALPY  OF  REHEATED  steam  R.h.  INLET 

Btu/lb 

N/A 

H 

GRINDA8ILITY 

INDEX* 

a 

DENSITY  68  F  ,  I 

ATM.  PRESS.  N/A  I 

19 

ENTHALPT  OF  REHEATED  STEAM  R.  H. 
OUTLET 

IRI 

H 

FINENESS  %  THRU 

50  M* 

N/A 

63 

Btu  PER  CU  FT 

N/A 

20 

HEAT  ABS.'LB  OF  STEAM  (ITEM  16-ITEM  17) 

SO 

FINENESS  %  THRU 
200  M* 

N/A 

41 

Btu  PER  LB 

N/A 

21 

MEAT  ABS.'LB  R.H.  ST  E  AM  (ITEM  19-ITEM  18) 

Btu/  lb 

N/A 

64 

INPUT. OUTPUT 

EFFICIENCY  OF  UNIT  % 

ITEM  31  ■  100 

ITEM  79 

78.8 

22 

DRY  REFUSE  (ASM  PIT  ♦  FLY  ASM)  PER  LB 

AS  FIRED  FUEL 

lb/lb 

N/A 

HEAT  LOSS  EFFICIENCY 

Btu/lb 

A.  F.  FUEL 

%  •!  A.  F 
FUEL 

23 

B*m  PER  LB  IN  REFUSE  (WEIGHTED  AVERAGE) 

Btu/lb 

N/A 

6S 

HEAT  LOSS  DUE  TO  DRY  GAS 

1661.9 

9^2... 

24 

CARBON  BURNED  PER  LB  AS  FIRED  FUEL 

lb/lb 

0.8301 

66 

HEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL 

65.0 

—Of 4Q- 

25 

DRY  GAS  PER  LB  AS  FIRED  TUEL  BURNED 

lb/lb 

17.5 

67 

HEAT  LOSS  DUE  TO  H,0  FROM  COMB  OF  M, 

1346.3 

7.4 

HOURLY  QUANTITIES 

68 

HEAT  LOSS  DUE  TO  COMBUST. 

IN  refuse 

24 

ACTUAL  WATER  EVAPORATED 

IbKr 

1887J..2 

69 

MEAT  LOSS  OUE  TO 

radiation 

._  . 

.1-4  — 

22 

REHEAT  STEAM  FLOW 

lb  /hr 

N/A 

70 

UNM6  ASURED  LOSSES 

-3-4) _ 

28 

RATE  OF  FUEL  FIRING  (AS  FIRED  -1) 

Ib/Hr 

1*1  WJ 

71 

TOTAL  [ 

-21^3— 

29 

TOTAL  MEAT  INPUT  (!•••"  1  •*51.4 1 ) 

1000 

kBA, 

23813.1 

72 

EFFICIENCY  =  (100 

-  Item  71) 

78.2 — 

30 

MEAT  OUTPUT  IN  BLOW.OOWN  WATER 

It  B/hr 

.HlA. 

31 

^ y  ^  (1  tem  76*  Item  70) »( 1  trni  77 •Itrm  7 1 1  *  1  ’em  3C 
OUTPUT  1 000 

IB/Kr 

_ 

18753.2 

FLUE  GAS  ANAL.  (BOILERXECON)  (AIR  MTR) 

OUTLET 

32 

co, 

%  VOL 

— LLJL. 

33 

o, 

*  VOL 

5.4 

34 

CO 

%  VOL 

n.nt 

3S 

N,  (BY  DIFFERENCE) 

*  VOL 

82.7 

M 

EXCESS  AIR 

% 

32.1 

Fpr  Pn»nt  ol  Meetu’tment  See  Ppt.  7.J.8.I-PTC  4.MW4 
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A.SME  TEST  FORM 

SUMMARY  SHEET  FOR  ABBREVIATED  EFFICIENCY  TEST  PTC  4.  l-o  ( 1964) 

Teat  Series; _ Pre  Long  Term  Emulsified  Oil  test  no  12 _ boiler  no,  3  date  6/29/81 

owner  OF  PLANT _ y .S.  Coast  Guard _ _ _ location  New  London.  CT _ _ 

TEST  conducted  by _ Seaworthy  Engine  Systems _ objective  of  TE$TMg;IB,lr<>  Bff<r4aw<.y  duration  4  HR 

BOIL  E  R  MAKE  A  TYPE _ Bigelow  KS_ 20 _  _  _ _ _ _ RATEO  CAPACITY  9A  SQf>~  lb.$/hr 

STOKER  TYPE  &  SI  2  E  N/A 


PUL  VERIER,  t  ype  &  size  N/A  _ _  BURNER*  SIZE.(Np)  116-82  (2) 

FUEL  USED  Oil  MINE  N/A  COUNTY  n/A  state  N/A  SIZE  AS  fireon/a 

PRESSURES  4  TEMPERATURES  FUEL  DATA  '  " 


1 

steam  PRESSURE  IN  BOILER  drum 

ps  *o 

100.0 

COAL  AS  FIRED 
PROX.  ANALYSIS 

%  Wl 

OIL 

2 

steam  pressure  at  s.  h  OUTLET 

p  s>a 

_H/A- 

37 

MOISTURE 

N/A 

s 

FLASH  POINT  F* 

No  Pat; 

D.._9  206_ 

137 

3 

steam  pressure  at  r.  m.  inlet 

p* » o 

N/A 

38 

VOL  MATTER 

N/A 

m 

Sp.  C'Ovlty 

4 

steam  pressure  at  r.  m.  outlet 

■H 

N/A 

39 

FIXED  CARBON 

N/A 

S3 

VISCOSITY  AT  SSU- 
BURNER 

5 

steam  TEMPERATURE  AT  OUTLET 

m 

325.1 

40 

ASH 

N/A 

44 

TOTAL  HYDROGEN 

%  wt 

12.20 

6 

steam  TEMPERATURE  at  R  H  inlet 

F 

■Mfli 

TOTAL 

n 

Btw  t«r  lb 

18148 

7 

steam  TEMPERATURE  AT  R.H. OUTLET 

F 

mfm 

wm 

a 

WATER  TEMP.  ENTERING  (BOILER) 

F 

220.7 

m 

WV  l  IffTi  M  1 JT! 
TT7m7TTy 

mm 

CAS 

S  VOL 

9 

STEAM  QUALITY  %  MOISTURE 

m 

0.41 

COAL  OR  OIL  AS  FIRED 
ULTIMATE  ANALYSIS 

54 

CO 

10 

AIR  TEMP.  AROUND  BOILER  (AMBIENT) 

F 

87 

□ 

CARBON 

wm 

□ 

CH.  METHANE 

N/A 

I 1 

TEMP  AIR  FOR  COMBUSTION 
(This  it  R«f«r«nc«  T#mp«»«twr*)  t 

F 

78.3  _ 

44 

HYDROGEN 

12.20 

56 

Cj  H,  ACETYLENE 

N/A 

1? 

TEMPERATURE  OF  FUEL 

F 

119.9 

O 

OXYGEN 

4.21 

Ka 

E7ZH 

1 3 

GAS  TEMP.  LEAVING  (Boil.r) 

F 

504.6. 

19 

NITROGEN 

0.17 

El 

c,h4  ethane 

* 

> 

14 

GAS  TEMP.  ENTERING  AH  (II  condition.  10  bo 

F 

N/A 

47 

SULPHUR 

0.40 

11 

H.S 

UNIT  QUANTITIES 

El 

ASH 

wm 

El 

CO, 

z 
• — 

> 

m 

ENTHALPY  OF  sat.  LIQUID  (TOTAL  HEAT) 

Biu/lb 

M 

E9 

MOISTURE 

trai 

EH 

B— 

16 

ENTHALPY  OF  (SATURATED 

STM. 

Btu/lb 

1183.! 

TOTAL 

m§ 

TOTAL 

17 

ENTHALPY  OF  sat.  FEED  TO  (BOILER) 

Btu/lb 

188.7 

COAL  PULVERIZATION 

TOTAL  HYDROGEN 

%  wt 

N/A 

18 

ENTHALPY  OF  REHEATED  STEAM  R.H.  INLET 

m 

N/A 

* 

CRINDABILITY 

INDEX* 

RW 

a 

DENSITY  68  F  1 

ATM.  PRESS.  N/A  | 

19 

ENTHALPY  of  reheated  steam  r.  H 
outlet 

Biv/lb 

M  V  f  m  -Hi 

H 

FINENESS  %THRU 

50  M* 

N/A 

63 

Btu  PER  CU  FT 

N/A 

20 

HEAT  ABS.'LB  OF  STEAM  (ITEM  16-ITEm  17) 

S3 

B 

FINENESS  %  THRU 
200  M- 

N/A 

41 

Btu  PER  LB 

N/A 

21 

MEAT  ABS.LB  R.H.  ST  E  AM  (ITEM  19-ITEM  IS) 

Btw/ 1b 

N/A 

5 

INPUT  .OUTPUT  ITEM  31  .  100 

EFFICIENCY  OF  UNIT  %  ITEM  29  78.6 

22 

DRY  REFUSE  (ASH  PIT  ♦  FLY  ASH)  PER  LB 

AS  FIRED  FUEL 

tb/lb 

N/A 

HEAT  LOSS  EFFICIENCY 

Btu/lb 

A.  F.  FUEL 

%  •<  A.  F, 
FUEL 

23 

Btu  PER  LB  IN  REFUSE  (WEIGHTED  AVERAGE) 

Btu/lb 

N/A 

ESI 

HEAT  LOSS  DUE  TO  DRY  GAS 

1724.0 

_ 9_jj 

24 

CARBON  BURNED  PER  LB  AS  FIRED  FUEL 

Ib/lb 

0.8301 

o 

HEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL 

66.0 

0.40 

25 

DRY  GAS  PER  LB  AS  FIRED  TUEL  BURNED 

Ib/lb 

16.8 

m 

HEAT  LOSS  DUE  TO  H,0  FROM  COMB  OF  H, 

1366.4 

7.5 

HOURLY  QUANTITIES 

El 

HEAT  LOSS  OUE  TO  COMBUST.  IN  REFUSE 

ACTUAL  WATER  EVAPORATED 

Ib'Ka 

21201.2 

69 

HEAT  LOSS  DUE  TO  RADIATION 

2 _ 

REHEAT  STEAM  FLOW 

lb  /hr 

N/A 

70 

UNMEASURED  LOSSES 

Shi 

3,.q. 

WM 

RATE  OF  FUEL  FIRING  (AS  FIRED  -t) 

lb/hr 

1478.fi 

71 

TOTAL 

71  .ft-- 

TOTAL  HEAT  input  fl) 

1000 

ItB/ht 

2683843 

77 

EFFICIENCY  =  (100  -  It.tn  71) 

78.4. 

JO 

HEAT  OUTPUT  IN  BLOW. DOWN  WATER 

IB/bt 

N/A.. 

*  Nor  Rtfwifid  lor  EHitioncy  Totting 

f  For  Point  ol  M««iaf»mtnt  So*  Por.  7.T.i.l»PTC  4.MHI 

31 

^  (Item  ?0)  •(!■•««  27  •!»*«»  21 )  ♦  I’*"*  3C 

OUTPUT  1000 

I.B/K, 

21091.4 

FLUE  CAS  ANAL.  (BOILERMECON)  (AIR  MTR)  OUTLET 

32 

co, 

%  VOL 

12.4 

33 

*  VOL 

4.8 

34 

CO 

%  VOL 

0.01 

35 

N,  (BY  DIFFERENCE) 

*  VOL 

82.8 

36 

EXCESS  AIR 

% 

22-5— 
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SUMMARY  SHEET 


Owner  of  plant _ U .S.  Coast  Guard _ _ _ location  New  London.  CT 

TEST  conducted  by _ Seaworj thy_In&ine.  Sy objective  or  TESTMgaa,„.a  vrfi 


ASME  TEST  FORM 

FOR  ABBREVIATED  EFFICIENCY  TEST 


PTC  4.1-0(1964) 


DURATION 


boiler  make  4  TYPE _ Bige low  KS _ 20 

STOKER  TYPE  &  SIZE  N/A 

PULVERIZER.  TYPE  4  SIZE  N/A 

FUEL  USEO _ Oil _ MINE _ N/A 


PRESSURES  &  TEMPERATURES 


steam  PRESSURE  in  boiler  ORUM 


steam  pressure  at  s.  h.  outle  t 


steam  pressure  at  R.  m.  INLE  t 


steam  pressure  AT  r.  N.  outle  t 


steam  temperature  at  outlet 


STEAM  TEMPERATURE  at  R  H  INLET 


steam  TEMPERATURE  at  r.h.  outlet 


water  TEMP.  ENTERING  (BOILER 


ST  EAM  QUALI T  Y  %  MOISTURE  _ 


AIR  TEMP.  AROUND  BOILER  (AMBIENT) 


,,  TEMP  AIR  FOR  COMBUSTION 

(This  •  »  R«l«r«nc«  Timptralunl  I 


TEMPERATURE  OF  FUEL 


GAS  TEMP.  LEAVING  (Boil*') 


GAS  TEMP.  ENTERING  AH  (II  tondiiiom  10  br 
corrected  lo  aupronlf ) _ 


UNIT  QUANTITIES 


ENTHALPY  OF  SAT.  LIQUID  (TOTAL  HEAT)  feto/lb 


16  ENTHALPY  OFISATURATED' 
STM. 


ENTHALPY  OF  SAT.  FEEO  TO  (BOILER) 


_-  -4_HR 


2B.,  500  lbs/hr 


- °_urnj.«» . m?(No)1 16„82  ( 2) 

COUNTY  N/A _ STATE  N/A  SIZ  E  A S  FIRE  O  N  / A 


FUEL  DATA 


MOISTURE 


VOL  MAT  TER 


FIXED  CARBON 


ASH 


TOTAL 


Biw  par  lb  AS  FIRED 


ASH  SOFT  TEMP." 
ASTM  METHOD 


COAL  OR  OIL  AS  FIRED 
ULTIMATE  ANALYSIS 


CARBON 


HYDROGEN 


OXYGEN 


NITROGEN 


ULPHUR 


ASH 


MOISTURE 


-M/A _ 

N/A 


FLASH  POINT  F  • 


Sp.  G'Owity 


VISCOSITY  AT  SSU 
BURNER 


No.  JDat 


11.19 


17860 


o.io 


0.49 


0.013 


CO 


CH.  METHANE  I  N/A 


C,H,  ACETYLENE  N/A 


C,H.  ETHYLENE  N/A 


C,H.  ethane  N/A 


H.S 


TOTAL 


COAL  PULVERIZATION 


18 

enthalpy  of  reheated  steam  r.h.  inlet 

Bfu/ 1  b 

N/A 

GRtNOABIUTY 

INDEX* 

HSB 

E9 

DENSITY  68  F 

ATM.  PRESS.  N/A 

19 

ENTHALPY  OF  REHEATEO  STEAM  R.  M 

outlet 

Btu/lb 

hK/A- ... 

jfl 

FINENESS  %  THRU 

50  M- 

N/A 

63 

Biu  PER  CU  FT 

N/A 

70 

HEAT  ABS/LB  OF  STEAM  (ITEM  16-ITEM  17) 

997.0 

FINENESS  %  THRU 
200  M* 

N/A 

41 

Biu  PER  LB 

N/A 

I 


71  HEAT  ABS.LB  R.H.  STEAMflTEM  19-ITEM  IB)  Bru/Tb 

^■7  DRY  REFUSE  (ASH  PIT  a  fly  ASH)  PER  LB 
_ AS  FIRED  FUEL _ Ib/lb  N/A 

73  B'u  PER  LB  IN  REFUSE  (WEIGHTED  AVERAGE)  Btu/lb 

74  CARBON  BURNED  PER  LB  AS  FIRED  FUEL  Ib/lb 
?5  ORY  GAS  PER  LB  AS  FIRED  FUEL  BURNED  (lb/lb 

HOURLY  QUANTITIES 


ACTUAL  WATER  EVAPORATED  |  lb-hr 


REHEAT  STEAM  FLOW 


rate  of  fuel  firing  (as  fired  ->) 


79  I  TOTAL  MEAT  INPUT 

I  •  1000 


30  HEAT  OUTPUT  IN  BLOw.OOwN  waT^ER  _ VB/bt 

II  ll'ar"  76- Item  70)r(l.an,  77. Iren  ?l|.  Hem  3C  WB/bi 

3  loUTPUr . ~  1000  _ '  fe9099 

FLUE  GAS  ANAL.  (BOILERHECON)  (AIR  HTR)  OUTLET 


|  INPUT. OUTPUT 
I  EFFICIENCY  OF  UNIT  % 

MEAT  LOSS  EFFICIENCY 


ITEM  31  ;  100 

ITEM  79 _  75  jJ 

Blu/lb  I  %  ol  A.  F. 

A.  F.  FUEL  FUEL 


MEAT  LOSS  DUE  TO  ORY  GAS 

J9Mv5 

MEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL 

82.8  _ 

MEAT  LOSS  DUE  TO  H,0  FROM  COMB  OF  H, 

mi.i , 

MEAT  LOSS  DUE  TO  COMBUST.  IN  REFUSE 

HEAT  LOSS  DUE  TO  RADIATION 

_ ;  "  ■ 

UNMEASURED  LOSSES 

| - 

TOTAL 

EFFICIENCY  --  (100  -  Item  71)  | 

3? 

CO, 

%  VOL 

.13,i_. 

33 

0, 

X  VOL 

3.9 

34 

CC 

X  VOL 

D-D 

35 

N,  (BY  DIFFERENCE) 

X  VOL 

83  .n 

34 

EXCESS  AIR 

X 

31  3 

*  Not  Required  for  Efficiency  Ttiiing 

t  For  Point  of  Measurement  See  Per.  7.2.B.I«PTC  4.1*1944 


4 
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SUMMARY  SHEET 


ASME  TEST  FORM 

FOR  ABBREVIATED  EFFICIENCY  TEST 


PTC  4.1-0(1964) 


OWNER  OF  PLANT _ U .S.  Coast  Guard _ location  New  London.  CT 

test  conducted  BY _ Seaworthy  Engine  Systems  objective  or  TESTMpaglir<>  Fffi 


ouration  4 


boiler  MAKE  &  TYPE 
stoker  type  a  $12 E 

PUL  .  C  RI2ER.  TYPE  &  $12  C 
FUEL  U$E 0  Oil 


Bigelow.  KS_ 20 

N/A 

N/A 

_ MINE  N/A 


- ^AJ.!L5*ZLACJI!  28.,  500  1  bs  /hr 

_ burner  S|fi(No_)  116-82  (2) 

STATE  N/A  SIZE  AS  FIREDN/A 

FUEL  DATA 


PRESSURES  &  TEMPERATURES 


STEAM  PRESSURE  IN  BOILER  DRUM 

steam  pressure  at  s  h  outlet 


STEAM  PRESSURE  at  R  H.  INLE  T 


steam  PRESSURE  at  r.  h  outlet 


steam  TEMPERATURE  AT  outlet 


STEAM  TEMPERATURE  AT  R  H  INLET 


STEAM  TEMPERATURE  AT  R.  M. OUTLET 


WATER  TEMP.  ENTERING  (BOILER 


STEAMOUALITY?.  MOISTURE 


AIR  TEMP.  AROUND  BOILER  (AMBIENT) 


TEMP  AIR  FOR  COMBUSTION 
(This  is  Reletence  Ttwpculwf)  I 


TEMPERATURE  OF  FUEL 


CAS  TEMP.  LEAVING  (Bo. let) 


GAS  TcMP.  ENTERING  AH  (II  conditions  to  be 

corrected  to  quo. onto#) _ 


UNIT  QUANTITIES 


ENTHALPY  OF  SAT.  LIQUID  (TOTAL  HEAT) 


ENTHALPY  OFISATURATED' 
STM. 


ENTHALPY  OF  SAT.  FEEO  TO  (BOILER) 


ENTHALPY  OF  REHEATED  STEAM  R.  H.  INLET  Btu.  lb 


ENTHALPY  OF  REHEATED  STEAM  R.  H. 

OUTLET  Btu/lb 


20  HEAT  ABS/LB  OF  STEAM  (ITEM  )6  -  ITEM  171  Btu  lb 


21  MEAT  ABS.LB  R.H.  STEam(ITEm  19-ITEm  18)  Btu/lb 


22  DRY  REFUSE  (ASH  PIT  ♦  FLY  ASH)  PER  LB 

AS  FIRED  FUEL  _  lb/ lb 


Btu  PER  LB  IN  REFUSE  (WEIGHTED  A  VE  RACE  )  Btu/lb 


Carbon  burned  per  lb  as  fired  fuel  ib/ib 


DRY  Gas  PER  LB  AS  FIRED  fUEL  BURNED  |  lb/ lb 


HOURLY  QUANTITIES 


actual  water  EVAPORATED 


REHEAT  STEam  FLOW 


RATE  OF  FUEL  FIRING  (AS  FIRED  -t) 


TOTAL  HEAT  INPUT 

1000 


HEAT  OUTPUT  IN  BLOW. DOWN  WATER  _ 

^  j  ^  (I  tern  26  -  Iten.  20)  *  (I  ten.  22  “I  tee  2 1 )  *  I  'em  3C  I.  B  / hr 
OUTPUT  1000 


FLUE  CAS  ANAL.  (BOILERMECON)  (AIR  HTR)  OUTLET 


CO,  %  VOL 

O,  %  VOL 


N,  (BY  DIFFERENCE) 


EXCESS  AIR 


220.3 


0.80 


74 


77.7 


COAL  AS  FIRED 
PROX.  ANALYSIS 


MOISTURE 


VOL  MATTER 


FIXED  CARBON 


ASH 


TOTAL 


Btu  »et  lb  AS  FIRED 


ASH  SOFT  TEMP.- 
ASTM  method 


COAL  OR  OIL  AS  FIRED 
ULTIMATE  ANALYSIS 


CARBON 


HYDROGEN 


OXYGEN 


NITROGEN 


SULPHUR 


ASH 


MOISTURE 


TOTAL 


COAL  PULVEllIZATION 


GRINDABILITY 

INDEX- 


FINENESS  %  THRU 
50  M- 


FINENESS  %  THRU 
200  M- 


11.19 


CH.  METHANE  N/A 


C,H,  ACETYLENE  n/A 


N/A 


N/A 


DENSITY  68  F 

ATM  PRESS.  N/A 


Btu  PER  CU  FT 


Btu  PER  LB 


INPUT-OUTPUT 

ITEM  31  * 

EFFICIENCY  OF  UNIT  % 

ITEM  79 

12846.7,2 


HEAT  LOSS  EFFICIENCY 

Btu/lb 

A.  F.  FUEL 

HEAT  LOSS  OUE  TO  DRY  CAS 

1945.7 

HEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL 

82.4 

HEAT  LOSS  DUE  TO  H,0  FROM  COMB  OF  H, 

1296.0 

HEAT  LOSS  DUE  TO  COMBUST.  IN  REFUSE 

HEAT  LOSS  DUE  TO  RADIATION 

— 

UNMEASURED  LOSSES 

— 

TOTAL 

E  F  FICIENCY  =  (100  -  Itom  71) 

8227.4 


Not  Riquiffd  for  MHcitncy  T«tting 
t  For  Point  el  Mooturomont  Po».  7.2.8.1*PTC  4.1*1964 


UMMARY  SHEET 


A.SME  TEST  FORM 

FOR  ABBREVIATED  EFFICIENCY  TEST 


PTC  4.1.0(1964) 


Test  Serlesi 

Post  Long  Term  Emulsified 

Oil  TEST  NO 

1  BOILER  NO.  1  DATE  3 /?3 /ft? 

Owner  of  plant 

u «s._  Coast  Guard 

LOCATION 

New  London.  CT 

1EST  CONDUCTED  8Y 

Seaworthy  Engine  Systems 

OBJECTIVE  OF 

TEiTM*>ASiir»  F.ffirTAnry  DURATION  4  hr 

BOILER  make  &  TYPE 

Bigelow  KS  20 

rated  capacity  jq  *>00  lhs/hr 

STOKER  TYPE  &  SIZE 

N/A 

PUL  .  E  RIZER.  TYPE  A  SIZE 

N/A 

burns SlZE(No)l 16-82  (2) 

FUEL  USED  Oil 

MINE  n/A 

COUNTY  h/A 

STATE  N/A  SIZE  AS  FIREON/A 

PRESSURES  &  TEMPERATURES  FUEL  DATA 


1 

STEAM  PRESSURE  IN  BOILER  DRUM 

PS  IO 

98.5 

1  1  1  ill  HSilll 

Emu 

OIL 

2 

steam  pressure  at  s.  m  Outlet 

psia 

N/A 

MOISTURE 

N/A 

m 

FLASH 

POINT  F- 

(Na-Dati 
D. 9254 

3 

steam  PRESSURE  at  R.  M.  INLET 

p**a 

N/A 

38 

VOL  MATTER 

.N/A. 

a 

Sp.  Grovity 

J 

STEAM  PRESSURE  AT  R  M  0UTLE  T 

pna 

N/A 

39 

FIXED  CARBON 

N/A 

m 

VISCOSITY  AT  SSU* 
BURNER 

282 

5 

STEAM  TEMPERATURE  AT  OUTLET 

F 

324.8 

H 

ASH 

N/A 

m 

m 

STEAM  TEMPERATURE  AT  R  M  INLET 

F 

N/A 

TOTAL 

m 

Btu  per 

lb 

m 

STEAM  TEMPERATURE  AT  R  H  OUTLET 

F 

N/A 

n 

im 

m 

WATER  TEMP.  ENTERING  .  .(BOILER) 

Hi 

221.3 

■ 

ASM  SOFT  TEMP.’ 
ASTM  method 

mm 

GAS 

%  VOL 

■i 

mm 

0.69 

I  COAL  OR  OIL  AS  FIRED 

■O 

B 

STEAM  OUALI T Y  %  MOISTURE 

n 

1  ULTIMATE  ANALYSIS 

S4 

CO 

■ 

m 

AIR  TEMP.  AROUND  BOILER  (AMBIENT) 

F 

Q 

Carbon 

B 

CH«  methane 

N/A 

L" 

TEMP  AIR  FOR  COMBUSTION 
(Thi*  is  Reference  Temperature)  t 

F 

H 

HYDROGEN 

11.19 

56 

C,M,  ACETYLENE 

N/A 

■a 

TEMPERATURE  of  fuel 

F 

120a£_ 

□ 

OXYGEN 

1.04 

o 

C,M.  ETHYLENE 

N/A 

n 

CAS  TEMP.  LEAVING  (Bo. Ur) 

F 

562.2 

n 

NITROGEN 

PI 

C.H. 

ETHANE 

N/A 

CAS  TEMP.  ENTERING  AH  (If  conditions  »o  be 
corrected  to  Quorpntee) 

F 

N/A 

H 

msmm 

0.49 

Kfl 

M,S 

mm 

unit  quantities 

m 

ASM 

E83E 

m 

CO, 

n/a 

n 

ENTHALPY  OF  SAT .  LIQUID  (TOTAL  HEAT) 

Btu/lb 

297.2 

C9 

MOISTURE 

OBI 

n 

B— 

16 

ENTHALPY  OFISATURATED 

STM. 

Blu/lb 

1180.8 

TOTAL 

total 

IjgB 

17 

ENTHALPY  OF  SAT.  FEED  TO  (BOILER) 

Btw/lb 

189.3 

COAL  PULVERIZATION 

TOTAL  HYDROGEN 

%  wt 

N/A 

IB 

ENTHALPY  OF  REHEATED  STEAM  R.  M.  INLET 

Btu/ lb 

N/A 

48 

crindabilitt 

INDEX* 

WM 

H 

DENSITY  68  F  ,  1 

ATM  PRESS.  N/A 

19 

ENTHALPY  OF  REHEATED  STEAM  R.  M. 
OUTLET 

49 

FINENESS  %  THRU 

50  M- 

N/A 

63 

N/A 

20 

HEAT  ABS.'LB  OF  STEAM  (ITEM  IA-ITEM  17) 

so 

FINENESS  %  THRU 
200  M- 

N/A 

41 

Biu  PER  LB 

N/A 

21 

HEAT  ABS-'LB  R.H.  STEAMOTEM  19-ITEm  18) 

Btu/  lb 

N/A 

64 

INPUT. OUTPUT 

EFFICIENCY  OF  UNIT  % 

ITEM  31  '  100 

ITEM  29 

76.8 _ 

22 

ORV  REFUSE  (ASH  PIT  •  FLY  ASH)  PER  LB 

AS  FIRED  FUEL 

lb/lb 

N/A 

HEAT  LOSS  EFFICIENCY 

Btw/lb 

A.  F.  FUEL 

%  of  A.  F. 
FUEL 

23 

8*o  PER  LB  IN  REFUSE  (WEICHTED  AVERAGE) 

B<u/lb 

N/A 

65 

HEAT  LOSS  DUE  to  ORY  GAS 

1668.7 

9.3 

24 

CARBON  BURNED  PER  LB  AS  FIRED  FUEL 

lb/lb 

O.BOZ7 

66 

HEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL 

81.2 

0.45 

25 

ORY  GAS  PER  LB  AS  FIREO  TUEL  BURNED 

lb/lb 

14  _4.  . 

67 

MEAT  LOSS  DUE  TO  M,0  FROM  COMB  OF  H, 

1278.2 

7.2 

HOURLY  QUANTITIES 

68 

MEAT  LOSS  DUE  TO  COMBUST. 

IN  REFUSE 

mm 

26 

ACTUAL  WATER  EVAPORATED 

Ib'hr 

27548,1 

69 

MEAT  LOSS  DUE  TO  RADIATION 

0.05 

3.Q  - 

22 

REHEAT  STEAM  FLOW 

lb  /Sr 

N/A 

70 

UNMEASURED  LOSSES 

28 

RATE  OF  FUEL  FIRING  (AS  FIRED  -.) 

lb/ hr 

1991. 5. 

71 

TOTAL  j 

20.9— 

79.1 

29 

TOTAL  HEAT  INPUT  (Hem  26  X  hem_4n 

1000 

bB/hr 

^5568.5 

72 

EFFICIENCY  =  (100 

Item  71) 

30 

HEAT  OUTPUT  IN  BLOW. DOWN  WATER 

liB/hf 

..N/A.... 

31 

j  ( 1  »*m  ?6*  1  l»m  70)  •  (1  tent  ? 7  »l  len»  ?  1  )  •  •  *em  3C 
OUTPUT  1000 

kB/Sr 

27312.8 

FLUE  CAS  ANAL.  (BOILER)(ECON)  (AIR  HTR)  OUTLET 

32 

CO, 

%  VOL 

14,1. 

33 

o, 

*  VOL 

2.8 

34 

CO 

%  VOL 

n.n 

IS 

N,  (BY  DIFFERENCE) 

*  VOL 

83.0 

3* 

EXCESS  AIR 

* 

14.4 

For  Point  of  Meetutement  See  Pot.  ?.2.t.l«PTC  4.1*1964 

E-55 


SUMMARY  -SHEET 


ASME  TEST  FORM 

FOR  ABBREVIATED  EFFICIENCY  TEST 


PTC  4.  l-o  ( 1964) 


owner  Of  ft, ant _ U.S.  Coast  Guard  _ 

TEST  COw DUCTtO  BY _ Seaworthy  Engine  Systems 

boiler  make  a  TYPE _ Bige low  KS _ 20 _ 

stoker  ty^ebjsize  N/A 

PULVERIZER.  TYPE  &  SIZE  N/A 

FUEL  USED _ Oil _ “INE  N/A _ 

PRESSURES  &  TEMPERATURES 


STEAM  PRESSURE  in  boiler  ORUM 


_ location  New  London.  CT 

OBJECTIVE  OF  TESTu- 


■  p  Efflrlont-y  OURAT  ION  4  jjjj 

28, 500  1  bs  /_h r_ 
B_u rne SMJ.( No)  1 1 6-82  ( 2 ) 

te  N/A  size  as  fireon/a 


state  n/, 

FUEL  DATA 


steam  pressure  at  s.  h  outlet 


steam  pressure  at  r.  m.  inle  t 


steam  pressure  at  r.  h  outlet 


steam  temperature  at  outlet 


STEAM  TEMPERATURE  AT  R  N  INLET 


STEAM  TEMPERATURE  at  r.h.  outlet 


95.5 

_N/A. 

-N/A 

N/A 


324.2 


TOTAL 


Bit#  pe.  IS  AS  FIRED 


OIL 


FLASH  POINT  F  • 


s».  c«»»»iy _ 10.9254 

VISCOSITY  AT  ssu- 
BURNER  273 


11.19 


17860 


BOILER 

J 

Hi 

MR 

GAS 

STEAM  QUALITY?,  MOISTURE 


AIR  TEMP.  AROUND  BOILER  (AMBIENT) 


TEMP  AIR  FOR  COMBUSTION 
(Tki,  i,  R,l«i«nc,  Tetnpetottite)  I 


TEMPERATURE  of  fuel 


CAS  TEMP.  LEAVING  (BoiUO 


CAS  TEMP.  ENTERING  AH  (II  conditions  lo  bo 
corrected  to  poor  on  lee) _ 


UNIT  QUANTITIES 


enthalpy  of  sat.liQUIO  (total  heati 


16  ENTHALPY  OF(SATURATEO 

STM.  _ 


ENTHALPY  OF  SAT.  FEED  TO  (BOILER) 


COAL  OR  OIL  AS  FIRED 
ULTIMATE  ANALYSIS 


CO 

CM. 

METHANE 

CjM, 

ACETYLENE 

C,M. 

ETHYLENE 

C,M. 

ETHANE 

H»S 

iu/ib  294.8 


1182.9 


Btw/ib  1 185 •  9 


ENTHALPY  OF  REHEATED  steam  R.H.  INL E tIbiu/IS  N/A 


enthalpy  of  reheateo  steam  r.  m 

OUTLET _ Bitr/lb 


20  I  MEAT  ABS/LB  OF  STEAM  (ITEM  16  -  ITEM  17)  Bn,  lb 


21  I  MEAT  aBS.  LB  R.H.  STEAMIITEM  19-ITEM  lg)te,u/|b 


ASH 


MOISTURE 


TOTAL 


COAL  PULVERIZATION 


GRINDABILITY 

INDEX* 


FINENESS  STHRU 
50  M- 


FINENESS  %  THRU 
200  M* 


INPUT-OUTPUT 
EFFICIENCY  OF  UNIT  % 


22  I  ORY  REFUSE  (ASH  PIT  ♦  FLY  ASM)  PER  LB  I 

I  AS  FIRED  FUEL _ I Ib/lb  W/A 


Bt»  PER  LB  IN  REFUSE  (WEIGMTEO  AVE  RACE)  [Biw/lb  N/A 


CARBON  BURNEO  PER  LB  AS  FIREO  FUEL  Ib/lb  0.8077 


ORY  GAS  PER  LB  AS  FIRED  TUEL  BURNED  |  Ib/lb  |15.9 


HOURLY  QUANTITIES 


ACTUAL  WATER  EVAPORATED 


REHEAT  STEAM  FLOW 


Rate  OF  FUEL  FIRING  (AS  FIRED  -t) 


TOTAL  HEAT  INPUT  (lieeJM- JL'.tpM-iU 
1000 


30  I  HEAT  OUTPUT  IN  BLOW-OOWN  WATER  [VB/hr  u/a 


M,  HYDROGEN 


TOTAL 


TOTAL  HYDROGEN 

%  .1 


DENSITY  68  F 

ATM.  PRESS.  N/A 


Bit#  PER  CU  FT 


Bit#  PER  LB 


ITEM  31  •  100 

ITEM  29  80.9 


Bit.  b 
A.  f .  FUEL 


1054.4 


HEAT  LOSS  EFFICIENCY 


HEAT  LOSS  DUE  TO  DRY  GAS 


HEAT  LOSS  DUE  TO  MOIST  URE  IN  FUEL 


HEAT  LOSS  DUE  TO  M,0  FROM  COMB  OF  M,  H84.8 
~HEAT  LOSsTpUE  TO  COMBUST.  IN  REFUSE  _____ 

MEAT  LOSS  DUE  TO  RADIATION  - 

UNMEASURED  LOSSES  - 

TOTA^  ~ 

EFFICIENCY  =  (100  -  Item  71) 


(Item  26- Item  20) »(lt.n«  77  #1 t...  2 1 )  *  l*.#n  3G  VB/h# 
OUTPUT  1000  _ 


,.N /A._. 

5850.2 


FLUE  GAS  ANAL.  (BOILERMECON)  (AIR  HTR)  OUTLET 
17  I  CO,  ’  K  VOL  I  12.8 

31  0, _ ""  _ 2  it  v0i  4.4 

36  CO _ *  VOL  n.n 

IS  N,  (BY  DIFFERENCE)  _ %  VOL  fl 

3*  "EXCESS  AIR _ »  24 1 7 


*  Not  Rtqvirid  lor  EMicioncy  Toilinj 

f  fot  Pomr  of  Mt#iur*m*rtf  $••  Pmr.  ?,3,I.I*PTC  4.1*1964 


E-56 


UMMARY  SHEET 


A.SME  TEST  FORM 

FOR  ABBREVIATED  EFFICIENCY  TEST 


PTC  4. 1-0(1964) 


Test  Series: 

Post  Lone  Term  Emulsified 

OilTESTNO  5 

BOILER  NO.  "1  DATE  3/24/82 

owner  of  plant 

U.§.  Coast  Guard 

LOCATION  New 

London.  CT 

TEST  CONDUCTED  BY 

Seaworthy  Engine  Systems 

OBJECTIVE  OF  TESTMMat|rp  Kffir.ianrv  DURATION  U  IlTl 

BOILER  MAKE  &  TYPE 

Bigelow  KS  20 

RATED  CAPACITY  sno  lh<Sj/hr 

STOKER  TYPE  &  SIZE 

N/A 

PULVERIZER.  TYPE  A  SIZE 

N/A 

burner  sM(No)1  16-82  (2) 

FUEL  USEO  Oil 

MINE  N/A  COUNTY  n/A 

STATE  N/A  SIZE  AS  FIREDN/A 

PRESSURES  &  TEMPERATURES  FUEL  DATA 


1 

STEAM  PRESSURE  in  BOILER  DRUM 

psio 

,96.2  .. 

COAL  AS  FIRED 
PROX.  ANALYSIS 

%  wl 

■ 

OIL 

7 

steam  PRESSURE  AT  S.  H  OUTLE  I 

_N/A. 

N/A 

37 

MOISTURE 

N/A 

m 

FLASH  POINT  F  • 

No. Dat< 
b.9254 

3 

STEAM  PRESSURE  *T  R.  M.  INLE  T 

ps '  0 

38 

VOL  MATTER 

N/A 

m 

Sp.  ClOYily 

4 

5 

STEAM  PRESSURE  AT  R.  M  OUTLET 

MM 

N/A 

39 

FIXED  CARBON 

N/A 

S3 

VISCOSITY  AT  SSU* 
BURNER 

293 

STEAM  TEMPERATURE  AT  OUTLET 

KB 

324.6 

40 

ASH 

mm 

H 

6 

STEAM  TEMPERATURE  AT  R  H  INLET 

F 

N/A 

j  TOTAL 

wm 

Btu  per  lb 

17860 

m 

STEAM  TEMPERATURE  AT  R.H.  OUTLET 

F 

N/A 

E! 

rm 

Si 

WATER  TEMP.  ENTERING  (BOILER) 

Hi 

218.4 

m 

ASH  SOFT  TEMP.' 
ASTM  METHOO 

GAS 

%  VOL 

m 

STEAM OUALITYX  MOISTURE 

!■ 

0.40 

COAL  OR  OIL  AS  FIRED 
ULTIMATE  ANALYSIS 

n 

CO 

m 

AIR  TEMP.  AROUND  BOILER  (AMBIENT) 

F 

77 

B 

CARBON 

BUB 

□ 

CH.  METHANE 

N/A 

I- 

TEMP  AIR  FOR  COMBUSTION 
(Th*»  •  %  Reference  Tempore  twre)  I 

m 

74.9 

u 

HYOROGEN 

n 

C,  M,  ACETYLENE 

N/A 

MB 

TEMPERATURE  OF  FUEL 

F 

118.5 

Q 

OXYGEN 

iwm 

□ 

C,H,  ETHYLENE 

N/A 

n 

GAS  TEMP.  LEAVING  (BoiUi) 

F 

349.6 

PI 

NITROGEN 

rmrm 

PI 

CjM*  ETHANE 

N/A 

UL 

CAS  TEMP.  ENTERING  AH  (If  condition,  to  be 
corrected  to  owerontee)  _  __ 

F 

kMI 

H 

SULPHUR 

0.49 

11 

H.S 

wim 

UNIT  QUANTITIES 

B 

ASH 

0.013 

El 

CO, 

N/A 

m 

ENTHALPY  OF  SAT.  LIQUID  (TOTAL  HEAT) 

Btu/lb 

fnn 

B9 

MOISTURE 

in 

PI 

N/A 

16 

ENTHALPY  OF(SATURATED' 

STM 

Btu/lb 

1182.9 

TOTAL 

TOTAL 

17 

ENTHALPY  OF  SAT.  FEED  TO  (BOILER) 

Btu/lb 

BIH 

COAL  PULVEhlZATION 

TOTAL  HYDROGEN 

X  wt 

N/A 

II 

ENTHALPY  OF  REHEATED  STEAM  R.H.  INLET 

Btu/lb 

N/A 

r 

GRINDABIMTY 

INDEX’ 

BfSI 

H 

DENSITY  68  F  ,  1 

ATM.  PRESS.  N/A  1 

19 

ENTHALPY  OF  REHEATEO  STEAM  R.  H. 
OUTLET 

Btu/lb 

Mm 

m 

fineness  x thru 

SO  M- 

N/A 

63 

Btu  PER  CU  FT 

N/A 

20 

HEAT  ABS/LB  OF  STEAM  (ITEM  16  -  ITEM  17) 

B*v  Mb 

996.5 

so 

FINENESS  X  THRU 
700  M* 

N/A 

41 

Btu  PER  LB 

N/A 

71 

HEAT  ABS.LB  R.H.  STEAM  (ITEM  19-ITEM  It) 

Btu/ lb 

N/A 

64 

INPUT-OUTPUT  ITEM  31  »  100 

EFFICIENCY  OF  UNIT  X  ITEM  29  80.8 

77 

ORY  REFUSE  (ASH  PIT  •  FLY  ASM)  PER  LB 

AS  FIREO  FUEL 

lb/lb 

N/A 

HEAT  LOSS  EFFICIENCY 

Btu/lb 

A.  F.  FUEL 

%  of  A.  F. 
FUEL 

m 

B.«  PER  LB  IN  REFUSE  (WEIGMTEO  AVERAGE) 

Btu/lb 

N/A 

65 

HEAT  LOSS  DUE  TO  DRY  GAS 

1050.3 

5.9 

MM 

carbon  burneo  <>er  lb  as  fireo  fuel 

lb/lb 

0.8077 

66 

HEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL 

75.2 

0.42 

ORY  GAS  PER  LB  AS  FIREO  TUEL  BURNED 

lb/lb 

15.9 

67 

HEAT  LOSS  DUE  TO  H,0  FROM  COMB  OF  M, 

1183.8 

6.6 

HOURLY  QUANTITIES 

60 

HEAT  LOSS  DUE  TO  COMBUST.  IN  REFUSE 

2-59— 
T.n  - 

ACTUAL  water  evaporated 

Ib'br 

9J2iu2 

69 

HEAT  LOSS  DUE  TO  RADIATION 

MB 

Q 

REHEAT  STEAM  FLOW 

lb  /fir 

N/A 

70 

UNMEASURED  LOSSES 

■aaMBi 

RATE  OF  FUEL  FIRING  (AS  FIRED  .1) 

lb/hr 

■611.-7... 

71 

TOTAL 

18.5 

79 

total  meat  input  ('••"  n  *  fo*.  4!> 

1000 

VB/Kr 

11997/4 

77 

EFFICIENCY  =  (100  -  It.*  71) 

81.5 

30 

HEAT  OUTPUT  IN  BLOW. DOWN  WATER 

V  B/hr 

..N/A.. 

*  Net  Required  fer  Efficiency  Totting 

t  Per  Point  ef  Me  e  cerement  See  Per.  7.3.1. I*PTC  4.1-1964 

31 

«<•<»  76*  li»i»  70WI»«  77 . 1  i.n.  71  )•!•€«.  30 
oOtput - 1060  . 

k  fl/Kf 

9690.3 

FLUE  CAS  ANAL.  (BOILERHECON)  (AIR  MTR)  OUTLET 

37 

CO, 

X  VOL 

12.8 

33 

0, 

X  VOL 

4.5 

34 

CO 

*  VOL 

0.0 

35 

N,  (BY  01FFCRENCE) 

X  VOL 

82.7 

M 

EXCESS  AIR 

% 

■25.4 

E-57 


iummapy  sheet 


A.SME  TEST  FORM 

FOR  ABBREVIATED.  EFFICIENCY  TEST 


BR1 


PTC  A.  )-a  (.1964) 


Post  Long  Term  EmulslfipH 


location  New  London.  CT 


Seaworthy  Engine  Systems _ objective  of  TESTMpaa„r(>  Eff 

Blgelpw.KS.20 _  _  ...  _ _ »ateo_( 

N/A 

N/A  BURNER 

_ NINE  N/A _ COUNTY  n/A  state 


218.7 


0.34 


t  conoucted  by _ Se aworthv  En 

BOILER  MAKE  a  type  Bigelow  KS  2< 

STOKER  TYPE  &  SI  Z  E  N/A 

PUL  »E  RlZER,  TYPE  A  SIZ  C  N/A 

FUEL  USED _ Oil _ MINE 

PRESSURES  &  TEMPERATURES 


STEam  PRESSURE  IN  BOILER  DRUM 
STEAM  PRESSURE  AT  S  M  OUTLET 


STEAM  PRESSURE  AT  R.  M.  INLE  T 


STEAM  PRESSURE  AT  R  H  OUTLE  T 


STEAM  TEMPERATURE  AT  OUTLET 


STEAM  TEMPERATURE  AT  R  m  INLET 


steam  TEMPERATURE  at  r.h.  outlet 


WATER  TEMP.  ENTERING  (BOILER 


STEAM  QUALITY  %  MOISTURE 


AIR  TEMP.  AROUNO  BOILER  (AMBIENT) 


TEMP  AIR  FOR  COMBUSTION 
(Thit  is  Re Itrancc  Ttmpetoivt.)  I 


TEMPERATURE  op  fuel 


GAS  TEMP.  LEAVING  (Boil..) 


GAS  TEMP.  ENTERING  AM  (II  conditions  to  bo 
corrected  to  quoronlee)  _  _ . 


UNIT  QUANTITIES 


enthalpy  of  sat.  liquid  (total  heat) 


enthalpy  ofisaturated' 

STM. 


ENTHALPY  OF  SAT.  FEED  TO  (BOILER) 


ENTHALPY  OF  REHEATED  STEAM  R.H.  INLETl 


Enthalpy  of  reheated  steam  r.  h. 
OUTLET 


20  HEAT  ABS.'LB  OF  STEAM  (ITEM  16-ITEM  17) 


21  HEAT  ABS.'LB  R.H.  STEAMOTEM  19-ITEm  lglUtw/lb 


22  ORY  REFUSE  (ASM  PIT  *  FLY  ASH)  PER  LB 

AS  FIRED  FUEL  tb/lb  N/A 


Btw  PER  LB  IN  REFUSE  (WEIGHTED  A  VE  RAGE )  iBtw/lb  N/A 


CARBON  BURNED  PER  LB  AS  FIRED  FUEL  Ib/lb 


DRY  GAS  PER  LB  AS  FIRED  TUEL  BURNED  Ib/lb 


HOURLY  QUANTITIES 


ACTUAL  WATER  EVAPORATED 


REHEAT  STEAM  FLOW 


rate  of  fuel  firing  (as  fired  .>i 


29  I  total  MEAT  INPUT  ?«-  »  '.’.jgLiP 

I  1000 


30  HEAT  OUTPUT  IN  BLOW. DOWN  WATER  kB/h.  u/a 


e  Ef  f  i  r  I  onry  DURATION  4  ,,p 

500  lbs /hr 


_ bLurnJ.h>  S|ZE.( No)  1 1 6-82  ( 2 ) 

STATE  N/A  SIZE  AS  firedn/A 
FUEL  DATA 


TOTAL 


Btw  p.t  lb  AS  FIREO 


ASH  SOFT  TEMP 
A  STM  METHOD 


COAL  OR  OIL  AS  FIRED 
ULTIMATE  ANALYSIS 


CARBON 


HYDROGEN 


OXYGEN 


NITROGEN 


C,H,  ACETYLENE  N/A 


C,H,  ETHYLENE  N/A 


C,M.  ETHANE 


M,S 


ASH 


MOISTURE 


total 


COAL  PULVEhlZATION 


grindability 

INDEX* 


FINENESS  %  THRU 
50  M- 


FINENESS  %  THRU 
200  M* 


INPUT. OUTPUT  ITEM  31  -  100 

EFFICIENCY  OF  UNIT  %  ITEM  20 


TOTAL  HVDROCEN 

%  .t 


DENSITY  61  F 

ATM.  PRESS.  N/A 


Btw  PER  CU  FT 


Btu  PER  LB 


HEAT  LOSS  EFFICIENCY 


HEAT  LOSS  DUE  TO  DRY  GAS 


Btw/ lb 
A.  F.  FUEL 


1055.7 


MEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL  175.4 


MEAT  LOSS  DUE  TO  H,0  FROM  COMB  OFmJ  1186.0 


HEAT  LOSS  DUE  TO  COMBUST.  IN  REFUSE  _ _ 

MEAT  LOSS  DUE  TO  RADIATION  _ 

"UNMEASURED  LOSSES  - 

--  -  — 

EFFICIENCY  =  (100  -  Item  71) 


I  ^  (Item  26*1  ttw  70)  '  ( 1 1 .  n.  )ldtfn’  71)  1  I  'f_"*  3C  k  3  /h  r 

OUTPUT _ 1000 _ 

FLUE  GAS  ANAL.  (BOILERKECON)  (AIR  HTR)  OUTLET 


_JlZA _ 

9839.4 


32 

CO, 

%  VOL 

33 

O, 

%  VOL 

4.3 

34 

CO 

%  VOL 

n .  0 

33 

N,  (BY  DIFFERENCE) 

*  VOL 

82.8 

36 

EXCESS  AIR 

% 

*  Net  Requited  lot  Efficiency  Teelinq 

I  Fet  Point  ol  Meotwremont  See  Pet.  7,2.8.1-PTC  4.1*1964 


E-58 


UMMaRY  sheet 


A.SME  TEST  FORM 

FOR  ABBREVIATED  EFFICIENCY  TEST 


Test  Series: _ Post  Lone  Term  Emulsified  Oil  TEST  N0  7R _ boiler  no.  3  date  3/26/82 

owner  of  plant _ U.S.  Coast  Guard _ , _ location  New  London.  CT _ ___ 


TEST  conouc teo  by _ Seaworthy  Engine  Systems  _  .  objective  or  test,, 

bojler_«ake  4_t_ype  _ Bigelow  KS  20 

STOKER  TYPE  &  SIZE  N/A 

pulverizer,  type  4  size  N/A 

puel  used _ Oil _ mine  N/A _ county  n/A _ 


PRESSURES  &  TEMPERATURES 


re  Effirionry  DURATION  4_  HF 

RATEC>  CaPaCI_ty  28, 500  lbs/hr 


0URNEWs  SIZE* No >116-82  (1) 

STATE  n/A  SIZE  AS  FIREON/A 


FUEL  DATA 


STEAM 

PRE  SSURE 

IN  BOIL! 

E  R  DRUM 

ST  E  AM 

PRESSURE 

AT  $ 

H 

OUTLET 

STEam 

PRE  SSURE 

A  T  R 

.  M. 

.  INLET 

STEam 

PRESSURE 

at  r 

.  M 

outlet 

STEam 

TEMPERA) 

URE 

AT 

outlet 

STEam 

TEMPERATURE 

AT 

R  H  inlet 

STEam 

TEMPERATURE 

AT 

R  H  OUTLET 

WATER  TEMP  ENTERING 


STEamOUALITYT.  moisture  _ 


AIR  TEMP.  AROUND  BOILER  (AMBIENT) 


temp  air  for  combustion 

(Tbi,  1,  Rele.ence  T ,mpff,twr«)  I  _ 


TEMPERATURE  OF  FUEL 


GAS  TEMP.  LEAVING  (Bo. I««) 


14  I  GAS  TEMP.  ENTERING  AH  (II  cond.i.on,  'o  be 

I  cor.ec.ed  »o  auorontoe)  _ 


ASH  SOF  T  TEMP." 

ASTM  method 


COAL  OR  OIL  AS  FIRED 
ULTIMATE  ANALYSIS 


ENTHALPY  OF  SAT.  LIOUIO  (TOTAL  HEAT)  Ifllu/lb  1295.1 


1183. 


16  enthalpy  OF  (SATURATED 
STM. 


enthalpy  of  sat.  feed  to  (boiler) 


CO 

CH. 

methane 

C.H, 

ACETYLENE 

C,H. 

ethylene 

C.H, 

ETHANE 

H,S 

18  |  ENTHALPY  OF  REHEATED  steam  R.H.  inlet  Bio,  lb 

enthalpy  of  reheated  steam  r.  m 

OUTLET  Bip/Tb 


20  |  HEAT  ABS  LB  OF  STEAM  (ITEM  16  -  ITEM  I?)  B.o  lb 
heat  ABS.  LB  R.H.  STEAM  (ITEM  19 -ITEM  18)  Biu/lb 


TOTAL 


COAL  PULVERIZATION 


GRINDABILITY 

index- 


fineness  %  THRU 

50  M- 


FINENESS  %  THRU 
200  M- 


INPUT. OUTPUT 
EFFICIENCY  OF  UNIT  % 


HYDROGEN 


TOTAL 


TOTAL  HYDROGEN  N/A 


DENSITY  68  F 

ATM.  PRESS.  N// 


Biu  PER  CU  F 


Btu  PER  LB 


T  Tn/A 


N/A 


ITEM  31  ’ 
ITEM  29 


DRY  REFUSE  (ASH  PIT  •  FLY  ASH)  PER  LB 

AS  FIRED  FUEL  _  lb/lb  N/A 


B.u  PER  LB  IN  REFUSE  (WEIGHTED  A  VE  R  AGE  )  lBiu/lb  N/A 


B  tu/lb 
A.  F.  FUEL 


CARBON 

BURNEO  PER  LB  AS  FIRE 

O  FUEL 

DRY  GAS 

PER  LB  AS  FIRED  TUCL 

BURNED 

HOURLY  QUANTITIES 

ACTUAL 

WATER  E  vaPORa  TEO 

REhEa  T 

STEam  FLOW 

RATE  OF 

FUE  L  FIRING  (AS  FIRED 

_.) 

TOTAL  H 

EAT  INPUT  <! *  '• 

em  4_1) 

1000 

HEAT  OU 

ITPUT  IN  BLOW. DOWN  »A 

TER 

total 

MEAT 

pm  2f>  •  hem  701  •  (1  irm  1 }  •  1  ten- 

OUTPUT 

1000 

MEAT  LOSS  EFFICIENCY 


HEAT  LOSS  DUE  TO  DRY  GAS 


tb/lb  [0.8  0  7  7  66  HEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL 

lb/lb  fl7.p  67  MEAT  LOSS  DUE  TO  H,0  F  ROM  COMB  OF  H J  1170.2 

2  687  ~H  E~A  T  l OSS  due  toTombus T.  in  RE  FUSE  _ 

6214.3  69  HEAT  LOSS  DUE  TO  RADIATION  — 

N/A  70  unmeasured  losses  - 

ib/h.  1420.0  71  total 

72  EFFICIENCY  (100  -  Item  71) 

7500.3 
N/A 

6196.5 


FLUE  GAS  ANAL.  ( BOIL  E  R)  ( E  CON)  (AIR  HTR)  OUTLET 


No!  Required  for  Efficiency  Testing 


N,  (BY  DIFFERENCE) 


E  XCESS  AIR 


E-59 


Fo»  Point  of  Mtatgi*mtnl  See  Po».  7.2.B.l»PTC  4.1*1964 


SUMMARY  SHEET 


Test  Series: _ 

owner  of  plant 

TEST  CONDUCTED  BY 


ASME  TEST  FORM 

FOR  ABBREVIATED  EFFICIENCY  TEST 


Post  Long  Term  Emulsified  Oil  test  no  8 _ boiler 

_U . S .  Coast  Guard  _ . _ location  New  London.  CT 

Seaworthy  Engine  Systems _ objective  of  TESTMpag||r<>  PfF 


_  PTC  4.1-0(1964) 


BOILER  NO.  3  PATE-j/2fi/ft? 


BOIL e r  mak E  a  type  _ Bige lew  KS  20 

STOKER  TYPE  &  SIZE  N/A 

PULVERIZER.  TYPE  4  SIZE  N/A 

FUEL  USED _ Oil _ mine _ N/A 

PRESSURES*.  TEMPERATURES 


steam  PRESSURE  IN  BOILER  ORUM 


duration  ^  ^ 


STEam  pressure  at  s  h  outlet 
steam  pressure  at  r.  m.  inle  t 

steam  PRESSURE  at  r  h.  ou t l e  t _ 

STEAM  TEMPERATURE  AT  OUTLET 


STEAM  TEMPERATURE  AT  R  h  inlet 


steam  TEMPERATURE  at  R  h  OUTLET 


8  water  TEMP  ENTERING^  (BOILER 


STEAM  QUALITY^  MOISTURE 


AIR  TEmP.  AROUND  BOILER  (AMBIENT) 


,,  TEMP  AIR  FOR  COMBUSTION 

(This  is  Reference  T emperoturc)  t 


TEMPERATURE  of  fuel 


gas  TEmP.  LEAVING  (Bo.ler) 


14  GAS  TEMP.  ENTERING  AH  (II  condition!  lo  be 

Corrected  lo  auoronlee) _ 


UNIT  QUANTITIES 


ENTHALPY  OF  SAT.  LIQUID  (TOTAL  HEAT)  |Biu/lb 


16  ENTHALPY  OF  (SATURATED 
STM 


_ ?A7P7CAP*CIIT  28 , 500  lbs/hr 

AUHN£H>  SIZE(No) 1 16-82  (2) 
STATE  N/A  AS  FIREDN/A 

FUEL  DATA 


%  -i 


Sj 


FLASH  POINJ  F;  __  No. JJat 

38  VOL  MATTJR  ^52  Sp.  Groe.ly  0.9254 

.  VISCOSITY  AT  SSU- 

39  FIXED  CARBON _ N/A _  S3  BURNER _ 298 

I  I  TOTAL  HYDROCEN  I  " 

ASH 


TOTAL 


Btu  per  lb  AS  FIRED 


ASH  SOFT  TEMP." 
ASTM  METHOD 


COAL  OR  OIL  AS  FIRED 
ULTIMATE  ANALYSIS 


CARBON 


HYDROGEN 


OXYGEN 


NITROGEN 


SULPHUR 


ASH 


MOISTURE 


0.49 


0.013 


CO 


CH.  methane  N/A 


,  acetylene  n/A 


N/A 


C,H.  ethane  I  N/A 


h.s 


N/A 


H,  HYDROGEN  |  N/A 


ENTHALPY  OF  SAT.  FEED  TO  (BOILER) 


jBtvi/ib 


Biu/ib  185.1 


total 


COAL  PULVEhlZATION 


ENTHALPY  OF  REHEATED  STEam  r.  h.  INLET 

I  s 

I  i 

N/A 

48 

GRINDaBILITY 

INDEX* 

N/A 

enthalpy  of  reheated  steam  r.  h 
outlet 

Biw'  lb 

N/A 

49 

FINENESS  %  THRU 

50  M* 

N/A 

HEAT  aBS/LB  OF  STEAM  (ITEM  16  -  ITEM  17) 

997.7 

50 

fineness  %  thru 

700  M- 

N/A 

TOTAL  HYDROGEN 
%  .1 


Biu  pc  R  CU  FT 


Biu  PER  LB 


21  HEAT  ABS.LB  R.H.  STEAM(ITEM  If  .ITEM  18) 


27  ORY  REFUSE  (ASH  PIT  »  FLY  ASH)  PER  LB 

AS  FIRED  FUEL  lib /lb  IN/A 


Biu  PER  LB  IN  REFUSE  (WEIGHTED  A  VE  R  AGE !  |Bi«/lb  N/A 


CARBON  BURNEO  PER  LB  AS  FIRE  0  FUEL 


ORY  Gas  PER  LB  AS  FIRED  TUEL  BURNED  |  I b.'lb 

hourly~quant7tie  s 
actual  water  EVAPORATED 
REHE  a't  Vt  E  AM  FLOW 
RATE  OF  FUEL  FIRING  (AS  FIRE'!  -i) 

2f  TOTAL  HEAT  INPUT  *1> 

lOHO 

30  HEAT  OUTPUT  IN  SLOW-DOWN  '.ATER  |b  B/b. 

.  Me*e^’llien'?6-llem70)*(llen.?7'  len'2l|rl»en<3C  SB  A, 

Jl  I  output"  -  1000  _  M66& 

flue  GAS  ANAL.  (BOILERMECON)  (AIR  HTR)  OUTLET 


HEAT  LOSS  EFFICIENCY 


HEAT  LOSS  DUE  TO  DRY  GAS 


INPUT. OUTPUT  ITEM  31  ;  100 

EFFICIENCY  OF  UNIT  %  ITEM  19 


Blu/lb 
A.  F.  FUEL 


1237.5 


HEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL  I  76. 5 
HEAT  LOSS  DUE  T 0  H,0  FROM  COMB  OF  H,  1204.3 
"hTaVloss  due  to  combust,  in  refusT  _____ 

t>9  HEAT  LOSS  DUE  TO  RADIATION  - 

70  UNMEASURED  LOSSES  - - 

7\  ~  TOTAL 


77  EFFICIENCY  -■  (100  -  lien.  71) 


37 

co, 

%  VOl 

12. 6..  . 

33 

O, 

%  VOL 

34 

CO 

%  YOU 

D.C1 

3$ 

N,  (BY  DIFFERENCE) 

X  VOL 

83.0 

16 

EXCESS  AIR 

% 

2476 

I  For  Point  ol  Meoiurement  Seo  Pot.  7.7.8.I.PTC  4.l-lf64 


E-60 


A.SME  TEST  FORM 

SUMMARY  SHEET  FOR  ABBREVIATED  EFFICIENCY  TEST  PTC  4.  l-o  (1964) 


1  Test  Series:  Post  Long  Term  Emulsified  0ilTESTNO  9 

BOILER  NO.  ^  0 A T  E  /  •>  Q  /  fto 

|  owner  of  plant  U.S.  Coast  Gu 

ard _ 

location  New 

London 

.  CT 

|  test conducteo  by  Seaworthy  Engine  Systems 

OBJECTIVE  OF  T E STMoa 

F.ff(r(anrv  DURATION  4  jj 

boiler  make  &  type  Bigelow  KS  20 

RATEO  capacity 

lbs /h 

STOKER  TYPE  &  SIZE  N/A 

Pul 

.  C  RlZER.  TYPE  &  SIZE  N/A 

. °_URNJ.H»  SLZE.(No)  116 

-82  (2 

[  FUEL  USED  Oil  MINE  N/A 

county  N/A 

STATE 

_ N/A 

SIZE  AS  fireon/A 

PRESSURES  &  TEMPERATURES 

FUEL 

DATA 

1 

STEAM  PRESSURE  in  boiler  drum 

p»  to 

98.2 

COAL  AS  FIRED 

PROX.  ANALYSIS 

%  Wl 

OIL 

2 

STEAM  pressure  at  s  h  outlet 

psig 

N/A 

37 

MOISTURE 

N/A 

s 

flash 

POINT  F  • 

No_J>a 

0.925 

3 

STEam  PRESSURE  AT  R.  M  INLET 

pS'O 

N/A 

38 

VOL  MATTER 

_N  lA_ 

E9 

Sp.  Grovity 

4 

steam  pressure  at  r  m.  outlet 

pno 

N/A 

39 

FIXED  CARBON 

N/A 

i 

VISCOSITY  AT  ssu- 
burner 

288 

s 

STEAM  TEMPERATURE  AT  OUTLET 

F 

325.7 

_  40  J 

ASH 

_N/A_ 

H 

mnamsm 

6 

STEam  TEMPERATURE  AT  R  H  INLET 

F 

N/A 

total 

4. 

Btu  per 

lb 

1786 

7 

STEAM  TEMPERATURE  AT  R  H  OUTLET 

F 

N/A 

n 

Btu  per  lb  AS  FIRED 

_N/A _ 

8 

WATER  TEMP  ENTERING  (BOILER) 

m 

218.9 

i 

ASH  SOFT  TEMP.* 
ASTM  me  THOO 

mm 

CAS 

ft  voi 

wmg 

0.26 

COAL  OR  OIL  AS  FIRED 

9 

STEam  quality  %  moisture 

ES 

ULTIMATE  ANALYSIS 

54 

CO 

N/A 

10 

air  TEMP.  AROUND  BOILER  (AMBIENT) 

F 

74 

K9 

CARBON 

80.77 

K9 

ch«  methane 

N/A 

1 1 

temp  air  for  combustion 

(Thi»  IS  Reference  Temperglvife)  t 

m 

77.6 

44 

HYOROCEN 

11.19 

i 

C,H,  ACETYLENE 

1  2 

TEMPERATURE  OF  FUEL 

F 

119.4 

ra 

OXYGEN 

1.04 

El 

C,H.  ETHYLENE 

ehs 

1  3 

GAS  TEMP.  LEAVING  (Bo.UO 

F 

mm 

m 

nitrogen 

0.10 

El 

C,M, 

ETHANE 

N/A 

1  4 

F 

R 

m 

SULPHUR 

fUSR 

m 

M,S 

N/A 

UNIT  QUANTITIES 

m 

ASH 

0.013 

m 

CO, 

N/A 

1  s 

ENTHALPY  OF  SAT.  LIOUIO  (TOTAL  HEAT) 

Btu/lb 

mm 

E9 

MOISTURE 

mm 

EK 

H, 

HYDROGEN 

N/A 

16 

enthalpy  OFfSATURATED 

STM 

Btu/lb 

1184.5 

TOTAL 

m 

total 

1  ; 

ENTHALPY  OF  SAT.  FEED  TO  (BOILER) 

Btu/lb 

186.9 

COAL  PULVERIZATION 

■ 

TOTAL  HYDROGEN 
%  «• 

N/A 

18 

enthalpy  OF  REHEATED  STEam  R.  H.  INLET 

Btu/lb 

N/A 

48 

grindability 

INDEX' 

N/A 

H 

DENSITY  68  F 

ATM.  PRESS.  N// 

19 

ENTHALPY  OF  REHEATED  STEam  R.  h 
outlet 

B»w  /1b 

N/A 

49 

FINENESS  %  THRU 

SO  M' 

N/A 

m 

Btu  PER  CU  FT 

N/A 

20 

HEAT  ABS  LB  OF  STEAM  (ITEM  It  .  ITEM  l?l 

B'u  lb 

997.6 

50 

N/A 

41 

Btu  PER  LB 

N/A 

21 

h£aT  aBS.  LB  R.  H.  ST  E  am  (ITEM  19  -  11  Em  18) 

8>w/  lb 

N/A 

64 

input -Out  put 

EFFICIENCY  OF  UNIT  % 

ITEM  31  .  100 

ITEM  29 

77.2 

22 

DRY  REFUSE  (ASH  PIT  *  FLY  ASH)  PER  LB 

AS  FIRED  FUEL 

1b/ lb 

N/A 

MEAT  LOSS  EFFICIENCY 

Btu/lb 

A.  F.  FUEL 

%  of  A 
FUEL 

23 

B'u  PER  LB  IN  REFUSE  (WEIGHTED  AVERAGE) 

Btu/lb 

N/A 

65 

HEAT  LOSS  DUE  TO  DRY  GAS 

1410.2 

7.9 

24 

CARBON  BURNED  PER  LB  AS  FIRED  FUEL 

Ib/lb 

0.8077 

66 

HEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL 

0.42 

lb 

DRY  GAS  PER  LB  AS  FIRED  TuEL  BURNED 

small 

16.0 

6? 

MEAT  LOSS  DUF  TO  H,0  FROM  COMB  OF  H, 

6.9 

HOURLY  QUANTITIES 

i 

68 

HEAT  l  OSS  DUE  TO  COMBUST. 

IN  REFUSE 

iPisSisfi 

_ _ 

It 

ACTUAL  WATER  EVAPORATED 

i 

15733.5 

69 

HEAT  l.  OSS  DUE  TO 

RADIATION 

— 

1.6: 

27 

REhEaT  STEam  FLO* 

Ib/Kr 

N/A 

70 

UNMF  ASURED  l  OSSES 

— 

-2LH 

20 

RATE  OF  FUEL  FIRING  (AS  FIRED  -i| 

lb/hr 

1136.0 

71 

TOTAL 

1SU 

29 

TOTAL  HEAT  INPUT  ('>«">  28  *  Item  41) 

1000 

UB/hr 

20289.0 

7? 

EFFICIENCY  -  (100 

-  1  Jem  71) 

80.: 

30 

HEAT  OUTPUT  IN  BLOW  DOWN  WATER 

WB/bf 

N/A 

31 

HEAT*"  ll,'m  20Wli-n.  2 7-1 1*-  2li<i'f»3C 

OUTPUT  1000 

1 .B.-bf 

15696.5 

FLUE  GAS  ANAL.  (BOILERMECON)  (AIR  HTR) 

OUTLET 

3? 

CO, 

%  VOL 

12.7 

J3 

0, 

%  VOL 

4.2 

34 

CO 

%  VOL 

0^0-. 

Noi  Required  for  EKic 

line*  Tilling 

3S 

N,  (BY  DIFFERENCE) 

%  VOL 

83  ..  1 

36 

EXCESS  AIR 

% 

12372 

For  Pomi  of  Mtoiurgmenf  See  Por.  7.2.8.1-PTC  4.1*1964 

E-61 


SUMMARY  SHF  FT 


ASME  TEST  FORM 

FOR  ABBREVIATED  EFFICIENCY  TEST 


PTC  4.  l-o(  1964) 


»esr  conducted  by _ Seaworthy  Engine 

boil e  r  make  fc_TVP£  Bige low  KS  20 

STOKER  TYPE  &  SIZE  N/A 

PUL  .  C  RIZER,  TYPE  A  SIZE  N/A 

FUEL  USED _ Oil _ MINE  N/A 

PRESSURES  &  TEMPERATURES 


STEAM  PRESSURE  IN  OOILER  DRUM 

STEAM  PRESSURE  AT  S  H  OUTLET 
STEAM  pre  SSURE  A  t  r.  m.  INLE  t 


steam  PRESSURE  AT  R  H  OUTLET 


steam  temperature  at  outlet 


STEAM  TEMPERATURE  AT  R  H  INLET 


STEAM  TEMPERATURE  AT  R  H  OUTLET 


WATER  TEMP.  ENTERING  (BOILER 


ST EamOUalITV%  MOISTURE 


AIR  TEMP.  AROUND  BOILER  (AMBIENT) 


,,  TEMP  AIR  FOR  COMBUSTION 

(TKi*  it  R«fcr«nc*  Ttmperttuft]  T  _ 


TEMPERATURE  of  fuel 


CAS  TEMP,  leaving  (Bo. I..) 


UNIT  QUANTITIES 


ENTHALPY  OF  SAT.  LIQU10  (TOTAL  HEAT) 


ENTHALPY  ofisaturated 
STm. 


ENTHALPY  OF  Sat.  FEED  TO  (BOILER) 


Post  Long  Term  Emulsified  Oil  test  no  iq  boiler  no. 


location  New  London.  CT 


Seaworthy  Engine  Systems  _  .  objective  ori  ESTMp;1<lir<,  Pff 
Bige  low..  KS  _  20 _  _  ra  t  eoj 


•e  F.f  f  1  r  (  enry  DURATION  4yg 

rateo^capaci^t 28 , 500  lbs/hr 


BURNE‘S  StZE(No) 1 1 6-82  (2) 

TE  N/A  SIZE  AS  FIREDN/A 


nm  n/. 

FUEL  DATA 


COAL  AS  FIRED 
PROX.  ANALYSIS 

37  mOIS’URE 

38  VOL  MAT  IER 


EJXJJ)  CARBON 
ASH _ _ 

total 


B.w  ...  Ik  AS  FIRED 


ASM  SOFT  TEMP.- 
ASTM  ME  THOD 


COAL  OR  OIL  AS  FIRED 
ULTIMATE  ANALYSIS 


CARBON 


HYDROGEN 


OXYGEN 


tw/lfc 


8iu/lb 


Bfu/lb  185.8 


CO 

CH. 

METHANE 

C^H, 

ACETYLENE 

C,M. 

ethylene 

C.M. 

ETHANE 

M,S 

18  ENTHALPY  OF  REHEATED  STEAM  R.M.  (NLETIBtu/lb  I  N/A 


19 


ENTHALPY  OF  REHEATED  STEAM  R.  H 

OUTLET  lBiv/lb 


20  I  MEAT  ABS.'LB  OF  STEAM  (ITEM  16  -  ITEM  171  B.u  lb 


li 


21  HEAT  ABS.'LB  R.H.  ST  E  AM  (ITEM  19-ITEM  IS)  B.u/lb 


22  ORY  REFUSE  (ASH  PIT  »  FLY  ASH)  PER  LB 

I  AS  FIRED  FUEL  _  lb/lb  N/A 


B.«  PER  LB  IN  REFUSE  (WEIGHTED  AVERAGE)  iB.u/lb  N/A 


CARBON  BORNEO  PER  LB  AS  FIRED  FUEL  lb/lb  0.8077 


DRV  GAS  PER  LB  AS  FIRED  TUEL  BURNED  lb/lb  |15.7 


HOURLY  QUANTITIES 


ACTUAL  WATER  EVAPORATED 


REHEAT  steam  FLOW 


RATE  OF  FUEL  FIRING  (AS  FIRED  -.) 


29  total  heat  input  Ji) 

I  1000 


30  |  MEAT  OUTPUT  IN  SLOW-DOWN  WATER  |bB/h.  fl/A  | 


ASH 


MOISTURE 


TOTAL 


COAL  PULVEhlZATION 


GRINDABILITY 

INDEX’ 


FINENESS  %  THRU 

50  M-  N/A 


FINENESS  %  THRU  . 

200  M’  N/A 


INPUT. OUTPUT  ITEM  31  ■  100 

EFFICIENCY  OF  UNIT  %  ITEM  29 


M,  HYDROGEN 


TOTAL 


TOTAL  HYDROGEN 

%  »t 


DENSITY  68  F 

ATM.  PRESS.  N/A 


B*u  PER  LB 


HEAT  LOSS  EFFICIENCY 


MEAT  LOSS  DUE  TO  DRY  CAS 


Ib-b.  h  7944.1 


lb/b> 


2906.4 


Btw/lk 
A.  F.  FUEL 


1437.1 


HEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL  I  78. 2 


HEAT  LOSS  DUE  TO  H,0  FROM  COMB  OFhJ  1231.0 


HEAT  LOSS  DUE  TO  COMBUST.  IN  REFUSE 


MEAT  LOSS  DUE  TO  RADIATION 


UNMEASURED  LOSSES 


TOTAL 


EFFICIENCY  -  (100  -  Inn,  71) 


L?TtL  (I..M  26.ll.rn  70).(l..n.  J7-l..~  ?l).  I.,™.  3C  VB/kr 

Jl  lOUTPUr . . Vow  ~|  M917’* 

FLUE  CAS  ANAL.  (&OIL£R)(ECON)  (AIR  MTR)  OUTLET 


32 

CO, 

%  VOL 

13.0 

33 

0, 

*  VOL 

3.8 

34 

CO 

%  VOL 

0.0 

3) 

N,  (BY  DIFFERENCE) 

*  VOL 

83.7 

3* 

EXCESS  AIR 

% 

20.5 

*  Net  Riquiitd  for  EMicitncf  Totting 

t  For  Point  of  Mootwrontont  Soo  Pot.  7.3.I.LPTC  4.I*19A4 


E-62 


SUMMARY  SHEET 


Test  Series ; _ 

OWNER  of  plant 
TEST  CONDUCTED  BY 
OOilER  make  4  TYPE 
S  TOk  f  R  TYPE  4  SUE 


ASME  TEST  FORM 

FOR  ABBREVIATED  EFFICIENCY  TEST 


Post  Long  Term  Emulsified  Oil  test  no  j  j _ boiler 

_y »S.  Coast  Guard  _ location  New  London.  CT 

Seaworthy  Engine  Systems  _  objective  or  TESTMpagl|rp  Fff 
Bigelow  KS  20  Rated  c 


PTC  4.  |-o  ( 1964) 


boiler  no.  ^ 


S  TOk  f  R  TYPE  4  SIZE  N/A 

T’U L.TRI.’ER.  TYPE  4  SICE  N/A 

FJELUSEC  Oil  _ mine 

PRESSURE S&  TEMPERATURES 


steam  pressure  in  BOILER  drum 


e  F.ffiripnry  DURATION  4_  HR_ 

RATED  CAPAajnr  ^g^  500  lbs/hr 


burner^  SlZJXNoJl  16-82  (2) 
STaT£  N/A  size  as 

FUEL  DATA 


is  TEAM  PRESSURE  ATS  H  OUTLET 

steam  pressure  at  r.  h.  inle  t 
5 te  am  p ressupe  _ai  r_h  ou t l e  r _ 

STFAM  TEMPERATURE  at  outlet 


COAL  AS  FIRED 
PROX.  ANAL  r  SI S 

MOlSTURE 

VOL  MATTER 

FIXED  CARBON 

ASH 


FLASH  POINT  F  * 

Sp  Growtfy 

VlSCOSlTr  AT  SSU- 

fl  U  RN  E  R _ 

TOTAL  HYOROGEN 


No  Dat 

0.9254 

290 


8  [  WATER  temp  ENTERING _ (BOILER) 

I 

>  (  STEamQUALITY%  MOISTURE _ 

10  |  AIR  TEMP.  AROUNO  BOILER  (AMBIENT) 

,~f  TEMP  AIR  FOR  COMBUSTION 
_  _ i  :TKi>  n  Reference  Temperqtyre)  I _ F _ 

l7| TEMPERATURE  OF  FUEL  F 

jJ__  GAS  TEMP.  LEAVING  (Boiler) _ F_ 

14  Gas  TEMP.  ENTERING  ah  (If  c ond i tion %  to  be 
_  _ corrected  to  quotonlee)  F 

UNIT  OUANTITIE  S 


ENTHALPY  OF  SAT.  LIOUIO  (TOTAL  HE  AT)  feto'lb 


N/A 

216.8 


%  0.39 


ASM  SOFT  TEMP.- 
ASTM  ME  THOD 


CO 

CM. 

methane 

C,H, 

ACETYLENE 

C,M. 

ETHYLENE 

asm 


MOISTUWF 


HYDROGE  n 


Biu/ib  11183.5 


ENTHALPY  OF  jaT.  FEED  TO  (BOILER) 


18  |  ENTHALPY  OF  REHEATED  STE  AM  R.  M.  INLE  T 


ENTHALPY  OF  REHEATEO  STEAM  R  M 

outlet 


i  HEAT  ABS.L3  OF  STEAM  (ITEM  Ie-iTEm  171 


!  «T|T  »BSLBR  M.  STE  AM  (ITEM  19-ITEM  181 


DRY  REFUSE  (ASM  PIT  •  FLY  ASM)  PER  LB 
AS  FIRED  FUEL  _ 


tv  PER  LB  IN  REFUSE  (WEIGHTED  A  VE  R  AGE  )  |B.u/lb 


carbon  burned  p(  «  lb  as  fired  fuel 
DRY  Gas  PER  LB  AS  fired  ruEL  BURNED 

HOURLY  QUANTITIE  S  _ 

actual  WATER  EyaPORaTTD 
]■'  REMFat  STEAM  FLOW 
78  RATE  OF  FUEL  FIRING  (AS  FIRED  -•) 

total  meat  INPUT  (I>*m78  »  41) 

1000 

Mf  Al  OUTPUT  IN  BLOW  DOWN  water 

ME  It  L  ,l"’m  ?0I  •(!>»"•  7T. 71)  30 

OUTPUT  1000 


FI  lit  GAS  ANAL.  (BOIt  ERITECONI  (AIR  MTR)  OUTLET 


37  CO, 
33  '  u 


N,  (BY  DIFFERENCE) 


E  XCESS  AIR 


Blu/lb 

A.F^FUEL 

161  3 ,  m 


8405.8 


Not  ffeqwxeif  *or  t  ••»iiny 

t  F  .  >  •  -  S#«  I’ei  ’ 


y  \  .r  i  c  *.  i  ’  V64 


UMMARY  SHEET 


A.SME  TEST  FORM 

FOR  ABBREVIATED  EFFICIENCY  TEST 


Test  Series! _ Post  Long  Term  Emulsified  Oil  test  wo 

owNtH  OF  Plant  _ U.S.  Coast  Guard  _  location  New  London.  CT 


TEST  CONDUCTED  BY _ Seaworthy  Engine  Systems objective  or  TESTM(taB„r,  Bff 


PTC  4.|.o(I964) 


BOILER  NO.  3  PATE^/rtn/ft? 


DURATION  4 


BOIL  £  R  MAKE  &  TYPE 
STOKER  TYPE  A  SIZE 

pul  .  t  hizer.  type  a  siz c 
FUEL  USE o  Oil 


Bigelow  KS_ 20 _ 

N/A 

N/A 

_ MINE  N/A 


PRESSURES  &  TEMPERATURES 


STEAM  PRESSURE  IN  BOILER  DRUM 

STEAM  PRESSURE  AT  S.  H  OUTLET 
STEam  PRESSURE  AT  R.  M.  INLET 


_ 500  lbs/hr 

. Q_URNEW>  SIBE (No)  16-82  ( 2) 

STATE  N/A  size  as  firedn/a 

FUEL  DATA 


steam  p  ressure  aTR.m.  Ou  t  l  e  t _ 

steam  TEMPERATURE  AT  OUTLET 


STEAM  TEMPERATURE  AT  R  h  INLET 


STEAM  TEMPERATURE  AT  R.H.  OUTLET 


WATER  TEMP.  ENTERING,  (BOILE 


STEAM  QUALITY  T.  MOISTURE 


AIR  TEmP.  AROUND  BOILER  (AMBIENT) 


TEMP  air  FOR  COMBUSTION 
(This  i.  Reference  Tempereluf e *  I 


TEMPERATURE  of  fuel 


gas  temp,  leaving  (Boiler) 


COAL  AS  FIRED 

1 

PROX.  ANALYSIS 

37 

MOISTURE 

38 

vOL  matter 

39 

FIXED  CARBON 

FLASH  POINT  f  ' 
Sp.  Grovrty 

VISCOSITY  AT  ssu- 
BURNER 


Biu  per  lb 


NoDat 

0.9254 

285 


17860 


Big  per  lb  AS  FIRED 


ASH  SOFT  TEMP.- 
ASTM  METHOD 


COAL  OR  OIL  AS  FIRED 
ULTIMATE  ANALYSIS 


CARBON 


HYDROGEN 

11.19 

H 

C,H,  ACETYLENE 

OXYGEN 

1.04 

m 

C,H.  ETHYLENE 

NITROGEN 

0.10 

m 

C,  H.  ETHANE 

SULPHUR 

0.49 

19 

M,S 

I 


UNIT  QUANTITIES 


ENTHALPY  OF  SAT.  LIQUID  (TOTAL  HE  AT)  fttw/lb  1298.1 


ENTHALPY  OF(SATURATED  ..no 

STM  Btw/lb  1183. 


enthalpy  of  sat.  feed  to  (boiler) 

B  Nr/lb 


enthalpy  of  reheated  steam  r.h.  inlet  Btu.  ib  N/A 


ASH 


MOISTURE 


TOTAL 


COAL  PULVERIZATION 


0.013 


,,  ENTHALPY  of  reheated  steam  R.  h. 

_ OUTLET _ Btu/lb 

?0  HEAT  ABS  'LB  OF  STEAM  (ITEM  16-ITEM  17) 


GRINDABILITY 

INDEX- 

FINENESS 

%  THRU 

50  M- 

FINENESS 

%  thru 

200  M* 

HEAT  ABS  LB  R.H  ST  E  AM  (ITEM  19-ITEM  IBIBtw/lb 


Z?  DRY  REFUSE  (ASH  PIT  ♦  FLY  ASH)  PER  LB  I 

AS  FIRED  FUEL  llb/lb  I  N/A 


B.u  PER  LB  IN  REFUSE  (WEIGHTED  AVERAGE)  Bt«/lb  N/A 


carbon  burned  per  lb  as  fired  fuel 
DRY  Gas  per  LB  AS  FIRED  ruEl  BURNED  |  Ib/lb 

HOURLY  QUANTITIES  _ 

ACTUAL  WATER  EVAPORATED  lb  hr 

REHEAT  STEAM  FLOW  I  b  /hr 

RA  TE  OF  FUE  L  FIRING  (AS  EIRE  D  -■) 

TOTAL  HEAT  INPUT  ID*™-'*  1 'em  42.) 

1 

10  HEAT  OUTPUT  IN  BLOW  DO*  ATER  IkB/hr  I 

ur  .  t  (lren.,lrl•lten'?Ol*(l,  /'  r»  Zl|rl'e<n  JC  |  L  B  /  hr 
J  i  heat  -  n/.o/.n 


INPUT  -OUT  PUT 
EFFICIENCY  OF  UNIT  % 


TOTAL  HYDROGEN 

%  .i 


DENSITY  68  F 

_ ATM.  PRESS.  N/A 


63  Btu  PER  CU  FT 


Btw  PER  LB 


ITEM  3)  ■  100 
ITEM  79 


Btw/lb 


i 


HEAT  LOSS  EFFICIENCY 

A.  F.  FUEL 

FUEL 

HEAT  LOSS  DUE  TO  DRY  GAS 

1739.9 

HEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL 

80.7 

0.45 

HEAT  LOSS  DUE  TO  H,0  FROM  COMB  OF  H, 

7.1 

68  I  HEAT  LOSS  DUE  TO  COMBUST-  IN  REFUSE 


H  6  A  T  LOSS  DUE  TO  RADIATION 

UNMEASURED  LOSSES _ _ 

TOTAL  ~ _ 

E  F  FICIENCY  (100  -  Item  71) 


FLUE  GAS  'hAL  (BOD  ERMECON)  (AIR  MTR) 

OUTLET 

12 

CO, 

*VOL  13.1 

13 

0| 

% voi  3.7 

34 

CO 

% vol  0.0 

IS 

N,  (BY  OIFFERENCEI 

*V°L  83.2 

16 

ExtESS  AIR 

%  T§.§ 

*  Net  Required  ter  EKiciency  Testing 

t  For  Perm  ©I  Meotwremenf  See  Per.  7.2.6.1-PTC  4.1-1964 


K-  *S4 


i 

i 

A.SME  TEST  FORM 

J 

■ 

SUMMARY  SHEET 

FOR  ABBREVIATED  EFFICIENCY  TEST 

PTC  4.  l-o  { 1964) 

TEST  NO 


Owner  of  plant _ U .S.  Coast  Guard _ _  location  New  London.  CT 

test  conducted  by _ Seaworthy  Engine  Systems  QQ-iective  or  TESTMpaclir<> 


DURATION  4 


BOILER  MAKE  &  TYPE 
STOKER  TYPE  &  SIZE 
PUL  VC  RIZER.  type  A  Size 
FUEL  USED  Oil 


Bigelow  KS_ 20 _ 

N/A 

N/A 

_ mine  N/A 


PRESSURES  &  TEMPERATURES 


steam  pressure  in  boiler  drum 
steam  pressure  at  s  m  outlet 

STEAM  PRESSURE  AT  R.  II.  INLE  T 
steam  PRESSURE  AT  R  H.  OUTLET 


STEAM  TEMPERATURE  AT  OUTLET 


STEAM  TEMPERATURE  AT  R  N  INLET 


STEAM  TEMPERATURE  AT  R.H  OUTLET 


steamOualityt.  moisture 


AIR  TEMP.  AROUNO  BOILER  (AMBIENT) 


TEMP  AIR  FOR  COMBUSTION 
(Thi*  ii  Reference  Temeerotwre)  I 


TEMPERATURE  OF  FUEL 


CAS  TEMP.  LEAVING  (Boiler) 


UNIT  QUANTITIES 


ENTHALPY  OF  SAT. LIQUID  (TOTAL  HEAT) 


ENTHALPY  OF  (SATURATED' 
STM 


ENTHALPY  OF  SAT.  FEED  TO  (BOILER) 


J!AT1B_CA!LAC'1_Y  2B,  500  1  bs  /hr 

_°yRN_E H.>  SIZE. (No_)  116-82  (2 j 

lTE  N/A  SIZE  AS  FIREOM/A 


^ATE  NA 

FUEL  DATA 


I 


18  ENTHALPY  OF  REHEATED  STEAM  R.H.  INLET |Br«i.  lb 


,,  ENTHALPY  OF  REHEATED  STEAM  R.  M 

OUTLET  Bio/lb 


30  HEAT  A  BS.  LB  OF  STEAM  (ITEM  16-ITEm  17) 


21  HEAT  ABS.LB  R.H.  STEAM  (ITEM  19-ITEM  18) 


7?  ORY  REFUSE  (ASH  PIT  »  FLY  ASH)  PER  LB 

AS  FIRED  FUEL _ lb/lb 


Bm  PER  LB  IN  REFUSE  (WEIGHTED  AVE  RAGE)  |6ivr/lb 


carbon  burned  per  lb  as  fired  fuel 


ORY  GAS  PER  LB  AS  FIRED  f  UE  L  BURNED 


HOURLY  QUANTITIES  _ _ 

I  26  T  actual  water  EVAPORATED  |  lb-hr 

REHEAT  STEAM  FLOW 


RATE  OF  FUEL  FIRING  (AS  FIRED  -r)_ 

39  TOTAL  HEAT  INPUT  f 

_ _ . . 1000  _ 

30  HEAT  OUTPUT  IN  BLOW  DOWN  WATER  _ VB/br 

j  I  HE  A  1 1  rerr*  26  •  Item  301  •  (I  rent  ?/*llre  71 1  *  I  'em  3C  k  0/br 
OUTPUT  1000  _ 


TOTAL 


Btw  per  1b  AS  FIRED 


ASH  SOFT  TEMP.- 
ASTM  ME  THOD 


COAL  OR  OIL  AS  FIRED 
ULTIMATE  ANALYSIS 


CARBON 


HYDROGEN 


OXYGEN 


NITROGEN 


SULPHUR 


ASM 


MOISTURE 


86.18 


12.62 


0.21 


0.59 


0.017 


0.02 


K9 

1 

ran 


CO 

ch. 

METHANE 

C,M, 

acetylene 

Cj  H. 

ethylene 

C,  H. 

ethane 

H,S 

TOTAL 


COAL  PULVERIZATION 


TOTAL  HYDROGEN 

%  Wl 

N/A 

DENSITY  68  r 

ATM.  PRESS.  N/A 

Biu  PER  CU  FT 

Z 

> 

Btu  PER  LB 

N/A 

HEAT  LOSS  EFFICIENCY 


HEAT  LOSS  DUE  TO  DRY  GAS 


INPUT. OUTPUT  ITEM  3)  •  100 

EFFICIENCY  OF  UNIT  %  ITEM  39 


B*v/lb 

A.  F.  FUEL 


1343.6 


HEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL  0.24 


67  |  HEAT  LOSS  DUE  TO  H,0  FROM  COMB  OFHjJ  1361.6 
4fi|  hFa t\  OSS  DuT  TO  COMBUST."  in  REFUSE 


HEA  T  LOSS  DUE  TO  RADIATION  — 

UNMEASURED  LOSSES  _ _ _ 

~TOTAL 

EFFICIENCY  -  (100  -  Item  71) 


N/A .. 

L2301.1 


32 

CO, 

%vol  i2.8 

33 

0, 

*  vgl  4.4 

36 

CO 

%  VOL  0.0 

3S 

N,  (BY  DIFFERENCE) 

*v0L  87.8 

36 

EXCESS  AIR 

*  24.7 

*  Not  Required  for  Efficiency  Totting 

I  For  Point  of  Meotuiemen!  So*  Per.  742.8.1»PTC  4,I»I964 


E-65 


J 


SUMMARY  SHEET 


ASME  TEST  FORM 

FOR  ABBREVIATED  EFFICIENCY  TEST 


0WN f  »  Qf  Pt.*NT _ y . s .  Coast  I 

I  £_ST  conduct  ED  BY  SeaworthyJE 

BOILER  TYPf  Bigelow  KS 

'.TOKf  R  T  YPE  A  SI  Z  F  N/A 

PUL-TRlZER.  TYPE  4  SIc’C  N/A 

FUEL  USED _ 01 1 _ MINE 

PRESSURES  4  TEMPERATURES 


STEam  PRESSURE  in  BOILER  DRUM 

steam  PRESSURE  ATS  H  OUTLET 
STEAM  PRESSURE  AT  R  It  INLET 

S  T  E_AM_P  r e^ssu  r e  atjrhoutlf  t 

steam  TEMPERATURE  AT  OUTLET 

STEAM  TEMPERATURE  AT  R  H  INLET 


steam  TEMPERATURE  AT  r  h  outlet 


WATER  temp  ENTERING  (BOILER 


U.S.  Coast  Guard  _ 

Seaworthy  Engine  Systems 

Bigelow  KS  20 

N/A 


AIR  TEMP  AROUND  BOILER  (AMBIENT) 


TEMP  AIR  FOR  COMBUSTION 
(This  it  Reference  Temperotwr  e )  I 


temperature  of  fuel 


Gas  TEmP  LEAVING  (Boiler) 


UNIT  QUANTITIES 


TEST  NO  _ BOILER  NO 

..  location  New  London.  CT 

OBJECTIVE  OF  TESTcj 


PTC  4.  l-o  (  1964) 


PATE  4/12/82 


rateo  CAPACITY 


duration  U 

28,500  lbs/hr 


BURNER  sinXNo)  116-82  (2, 
TE  n/A  Slzt  AS  Eire  qn/A 


_1LCLL__nZi 

fuel  data 


COAL  AS  FIRED 
PR0X.  ANALYSIS 

MOISTURE 

vOL  ma TIER 

FIXED  CARBON 

ASH _ 

_ TOTAL 

Biu  oer  lb  AS  FIRED 


ASH  SOF  T  TEMP.* 
ASTM  ME  THOD 


COAL  OR  OIL  AS  FIRED 
ULTIMATE  ANALYSIS 


CARBON 

<14  |  HYDROGEN 
OXYGF  N 

NITROGEN 
SUL  PHUR 


ash 


F  LASH  POIN  T  F  ■ 

|No  Dat 

Sp  Gravity  1 

D  .9218 

VISCOSITr  AT  SSU- 
BURNER 

215 

total  hydrogen 

%  ~t 

I2.tr: 

Btu  per  ib 

19111 

SB  |C.H4  ETHANE 
59 


summary  sheet 


A.SM6  TEST  FORM 

FOR  ABBREVIATED  EFFICIENCY  TEST 


Final  Baseline  Neat  Oil 


Sea  wort  hy JE  ngine  .Systems 

Bigelow  KS  20 

N/A 

N/A 

mine  N/A 


owner  o  e  pi  ant _ u .  S .  Coast  < 

test  conducted  by _ SeaworthyJE 

BC3n.tR  «akf  &  type  Bigelow  KS 

STOKER  T  Y  PE  &  SI/  P  N/A 

pul  . !  »i?Er  type  4  Si  *  f  N/A 

FUEL  USED  Oil  _ MINE 


PRESSURES  A  TEMPERATURES 


steam  pressure  in  boiler  drum 

steam  pressure  a  I  S  h  OIJTlE  ! 
steam  PRESSURE  at  r.  h  INI  E  1 

S  T  £  AM  PRESSURE  Al_»H  OUT  L  E  T _ 

steam  TEMPERATURE  AT  OUTLET 


_S TEAM  TEMPERATURE  AT  R  M  INLE  T  _ 

STEAM  TEMPERATURE  AT  R  h  OUTLET 

WATER  TEMP  ENTERING  (BOILER) 


ST  E  AM  OUALITrT.  MOISTURE 


aiR  temp  around  BOILER  (AMBIENT) 


TEmP  air  FOR  COMBUSTION 
(Thii  is  Reference  Temperotore)  I 


temperature  of  fuel 


gas  TEMP  leaving  (Boiler) 


unit  quantities 


ENTHALPY  OF  SAT.  LIQUID  (TOTAL  HEAT) 


ENTHALPY  OFISaTURaTED 
STm 


ENTHALPY  OF  sat.  FEED  TO  (BOILER) 


IflH 


FICIENCY  TEST  PTC  4.  l-0  ( 1964) 


TEST  NO 


location  New  London.  CT _ 

0 0jEcnvE  0F  TESTMeasiire  Efficiency  DUR * T,ON  1  HR. 

. ra.TE0.CaPaCITt  28,500  lbs/hr 

...  .  ..  ....  burner^  sm.(No)  116-82  (1) 

Y  N/A _ $TaTE  N/A  s^easfikeon/a 


state  nA 


FUEL  DATA 


219.2 


0.26 


|e»u/ib  1294.6 


1183.9 


COAL  AS  FIRED 
PROX.  ANALYSIS 

7  mO!StURE 

8  vOL  maT  TER 

FIXJE_D  CARaON 
ASH _ 

_ total 

lb  AS  FIRED 


ASH  SOF  T  TEMP.* 
ASTM  ME  THOD 


COAL  OR  OIL  AS  FIRED 
ULTIMATE  ANALYSIS 

43  CARBON  { 

44  HYDROGEN 


OXYGEN 


NITROGEN 


SULPHUR 


ASH 


MOISTURE  ll 


_.5L. 

OIL 

TLa$m  POINT  F  * 

5?  | 

Sp.  G'OVTly 

0.9377 

53  , 

VISCOSITY  AT  SSU- 
BURNER 

333 

i 

TOTAL  HYDROGEN 

%  wt 

11.75 

n 

Btu  per  lb 

18943 

CAS 

%  VOL 

54 

CO 

S5 

Ch,  methane 

N/A 

5 A 

c,h,  acetylene 

N/A 

57 

C,H.  ETHYLENE 

N/A 

58 

C,H,  ETHANE 

N/A 

0.58 


0.055 


_ TOTAL  ..L 

COAL  PULVERIZATION 


H 


SUMMARY  SHEET 


ASME  TEST  FORM 

FOR  ABBREVIATED  EFFICIENCY  TEST 


Teat  Series; _ Final  BaspHm»  Noai-  ch  l _ TE$T  wo _ 4 _ boiler  no 

owner  of  plant _ U .S.  Coast  Guard _ . _ location  New  London.  CT 

TEST  conducted  BY _ Seaworthy_Enging_  _ objective  or  TESTMeaaurg  FfF<r< 

boiler  make  *  tyre  _ Bigelow  KS  20  rated  cap 

STOKER  TYPE  ft  SIZE  N/A 

pulverizer,  type  &  size  N/A  burner  5 

PUEL  USED  Oil _ MINE  N/A _ COUNTY  N/A _ STATE  fl/A 


PRESSURES  &  TEMPERATURES  FUEL  DATA 


STEAM  PRESSURE  in  BOILER  DRUM 


steam  pressure  at  s.  h.  outle  t 


STEAM  PRESSURE  AT  R.  II.  INLE  T 


STEAM  PRESSURE  AIR.  M.  OUTLE  T 


steam  temperature  at  outlet 


STEAM  TEMPERATURE  aTRh  INLET 


steam  TEMPERATURE  AT  r.h.  outlet 


PTC  4. 1-0 (  1964) 


°ATE  4/13/82 


ggyyp  E£-£lxLi.fcncy  duration  ^  HR 
_ ?A_TiE_CA_^.cJJLY 28, 500  lbs/hr 

. Au RNEH,  Sm(No)  116-82  (2 ) 

STATE  n/A  SIZE  AS  EIREDN/A 


FUEL  DATA 


STEAM  QUALITY%  MOISTURE  _ 


AIR  TEMP.  AROUND  BOILER  (AMBIENT) 


TEMP  AIR  FOR  COMBUSTION 

(Thi,  i,  R*f«r*nc«  T««MHI»r»)  I _  _ 


TEMPERATURE  of  fuel 


CAS  TEMP.  LEAVINC  (Boilnt) _ 


14  CAS  TEMP.  ENTERING  AH  (If  condition,  to  bo 
_  co.tocrod  to  ooorontool _ _ 


UNIT  QUANTITIES 


Enthalpy  of  sat.  liquio  (total  heat) 


i6  enthalpy  ofisaturateo- 

stm.  _ 


ENTHALPY  OF  SAT.  FEE0  TO  (BOILER) 


COAL  AS  FIRED 
l*ROX.  ANALYSIS 

37 

MOISTURE 

38 

VOL  MATTER 

39 

FIXED  CARBON 

40 

ASH 

TOTAL  I 

wl 

ASH  SOFT  TEMP.- 
ASTM  ME  THOO 

87.04 


,w/lb 


B,u/Ib  1183.3 


18  enthalpy  OF  REHEATEO  steam  R.H.  INLET|B,«.'lb  I  N/A 


,0  enthalpy  of  reheated  steam  r.  h. 

OUTLET _ Biw/lb 


20  HEAT  ABS/LB  OF  STEAM  (ITEM  16  -  ITEM  17)  Bt»'lb 


21  HEAT  ABS.'LB  R.H.  STEAM  (ITEM  19-ITEm  18)  Bi»/lb 


22  DRY  REFUSE  (ASH  PIT  ♦  FLY  ASH)  PER  LB 


AS  FIRED  FUEL _ 1  lb/lb  1  N/A 


Bto  PER  LB  in  REFUSE  (WEIGHTED  A VE RACE )  l8i«/lb  N/A 


CARBON  BURNED  PER  LB  AS  FIRED  FUEL  lb/lb  0.8704 


ORY  CAS  PER  LB  AS  FIRED  TUEL  BURNED  lb/lb  16.9 


HOURLY  QUANTITIES 


ACTUAL  water  EVAPORATED 


REHEAT  STEAM  FLOW 


RATE  OF  FUEL  FIRING  (AS  FIRED  ~t) 


2*  I  TOTAL  HEAT  INPUT  (!iom_28_«_l.toin_4^J 
I  1000 


HEAT  OUTPUT  IN  BLOW -DOWN  WATER 


31  HEAT1-  (Horn  Tb-lton*  20) •(lion.  77 -lion.  21)'  I’c"  3C  k  B/L. 
OUTPUT  1000  _ 


FLUE  CAS  ANAL.  (BOILERMECON)  (AIR  MTR)  OUTLET 


CO,  I*  VOL 


*  VOL 


N,  (BY  DIFFERENCE) 


EXCESS  AIR 


ULTIMATE  ANALYSIS 


CARBON 


HYDROGEN 


OXYCEN 


NITROGEN 


ASH 


MOISTURE 


TOTAL 


COAL  PULVERIZATION 


GRINDABILITY 

INDEX’ 


FINENESS  %  THRU 
50  M* 


FINENESS  %  THRU 

200  M-  N/A 


INPUT. OUTPUT  ITEM  31  »  100 

EFFICIENCY  OF  UNIT  X  ITEM  29  _  78.0 


11.75 

U 

CjH,  ACETYLENE 

0.17 

O 

C.M.  ETHYLENE  ' 

0.22 

n 

C.H.  ETHANE 

0.58 

m 

H.S 

TOTAL  HYDROGEN  N/A 
%  Wt  I 


DENSITY  AS  F 

ATM.  PRESS.  N/A 


But  PER  CU  FT 


Biv  PER  LB 


HEAT  LOSS  DUE  TO  DRY  GAS 


3577.1 


59 


I  Btu/lb 

MEAT  LOSS  EFFICIENCY  (A.  F.  FUEL  I  FUEL 


1191.6 


HEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL  2.2 


MEAT  LOSS  DUE  TO  M,0  FROM  COMB  OF  H 


MEAT  LOSS  DUE  TO  COMBUST.  IN  REFUSE 


MEAT  LOSS  DUE  TO  RADIATION 


UNMEASURED  LOSSES 


TOTAL 


EFFICIENCY  =  (100  -  Item  71) 


*  No»  Required  lor  Efficiency  Tnlinf 
t  F*»  F*int  •  (  Sm  Per.  7.2.§»I*PTC  4.MW4 


SUMMARY  SHEET 


ASME  TEST  FORM 

FOR  ABBREVIATED  EFFICIENCY  TEST 


PTC  4.1.o(1964) 


1  Test  Series: _ Final  -Baseline, 

Neat 

mi _ 

TEST  NO  t; 

BOILER  NO.  Date  A/IA/ft?  ] 

1  ownerof  plant  U.S.  Coast  Guard 

LOCATION  New 

London 

.  CT 

|  test  conducted  by  Seaworthy  Engine  Systems 

OBJECTIVE  OF  TESTM4,aallT.0 

Effi  r  i  pnrv  DURATION  4  up 

BOILER  make  a  type  Bigelow  KS  20 

RATED  CAPACITY  JQ  cnn 

lbs/hr_ 

STOKER  TYPE  &  SIZE  N/A 

1  Pul 

VERI2ER.  TYPE  8  SIZE  N/A 

BURNER,  SlZE(No)  1  1  F. 

-82  (2) 
9EDN/A 

[  FUEL  USED  Oil  MINE  N/A 

COUNTY  N/A 

STATE 

N/A 

SIZE  AS  FI 

PRESSURES  &  TEMPERATURES 

FUEL 

DATA 

B 

STEAM  pressure  in  boiler  drum 

97._9 

COAL  AS  FIRED 
PROX.  ANALYSIS 

%  Wt 

OIL 

m 

STEAM  PRESSURE  at  S.  H  OUTLET 

N/A 

37 

MOISTURE 

m 

FLA5H 

POINT  F- 

No-Dati 

0.937.7- 

298 

m 

STEAM  PRESSURE  »T  R.  M.  IN  L  E  T 

pl'O 

N/A 

38 

VOL  MATTER 

-N/A- 

B 

Sp.  Groviiy 

4 

steam  pressure  a t  r.  m.  outle  t 

PJIO 

N/A 

39 

FIXED  CARBON 

N/A 

m 

VISCOSITY  AT  SSU* 
BURNER 

s 

steam  TEMPERATURE  AT  OUTLET 

F 

325.1 

ASH 

N/A 

m 

total  hyorocen 
% 

11.75 

6 

STEAM  TEMPERATURE  AT  R  H  INLET 

F 

N/A 

TOTAL 

m 

Btu  per 

lb 

18943 

m 

STEAM  TEMPERATURE  AT  R.H.  OUTLET 

F 

N/A 

n 

N/A- 

m 

WATER  TEMP  ENTERING  (BOILER) 

HI 

217.0 

■ 

ASH  SOFT  TEMP.* 
ASTM  METHOD 

mm 

GAS 

%  VOL 

m 

STEAM  OUALIT  Y  Ti  MOISTURE 

m 

0.93 

COAL  OR  OIL  AS  FIRED 
ULTIMATE  ANALYSIS 

m 

CO 

wm 

m 

AIR  TEMP.  AROUND  BOILER  (AMBIENT) 

| 

79 

Q 

carbon 

87.04 

a 

CH,  methane 

N/A 

E 

TEMP  AIR  FOR  COMBUSTION 
(This  is  Re (c rtncc  T tmpcrolwrt)  t 

m 

80.7 

H 

HYDROGEN 

11.75 

56 

Cj  H,  ACETYLENE 

N/A 

m 

TEMPERATURE  OF  FUEL 

F 

124.7 

□ 

OXYGEN 

0.17 

O 

C,  H.  ETHYLENE 

N/A 

ra 

GAS  TEMP.  LEAVING  (Boil..) 

F 

465.4 

n 

NITROGEN 

0.22 

PI 

C,H. 

ethane 

N/A 

rv 

CAS  TEMP.  ENTERING  AH  (It  condition  %  to  be 

F 

N/A 

B 

SULPHUR 

HS31M 

II 

H,  S 

UNIT  QUANTITIES 

m 

ASH 

0.055 

El 

CO, 

N/A  1 

n 

ENTHALPY  OF  SAT.  LIOUIO  (TOTAL  HEAT) 

MB 

296.7 

K9 

MOISTURE 

mm 

HI 

H, 

hydrogen 

16 

ENTHALPY  OF($aTURATED 

STM 

B  rw/lb 

1182. ^ 

TOTAL 

m 

TOTAL 

17 

ENTHALPY  OF  SAT.  FEED  TO  (BOILER) 

Biu/lb 

185.0 

COAL  PULVEllIZATION 

■ 

TOTAL  HYOROCEN 

%  wt 

N/A 

IS 

ENTHALPY  OF  REHEATED  steam  R.H.  inlet 

Btu/I  b 

N/A 

48 

GRINDABIUTY 

INDEX* 

1 

m 

DENSITY  68  F 

ATM  PRESS  N/A 

19 

Enthalpy  of  reheated  steam  r.  h 
outlet 

N/A 

49 

FINENESS  %  THRU 

50  M* 

N/A 

63 

Btv  PER  CU  FT 

N/A 

20 

HEAT  ABS/LB  OF  STEAM  (ITEM  16  -  ITEM  17) 

99 

997.9 

so 

fineness  %  thru 

200  M* 

N/A 

41 

B.„  PER  LB 

N/A 

21 

meat  ABS.  LB  R.H.  STEAMdTEM  19-item  18) 

B»o/  lb 

N/A 

64 

INPUT- OUTPUT 

EFFICIENCY  OF  UNIT  % 

ITEM  31  -  100 

ITEM  29 

77.0 

22 

DRY  REFUSE  (ASH  PIT  •  FLY  ASH)  PER  L8 

AS  FIRED  fuel 

lb/ lb 

N/A 

MEAT  LOSS  EFFICIENCY 

Btw/lb 

A.  F.  FUEL 

is 

23 

Bim  PER  LB  IN  REFUSE  (WEIGHTED  AVERAGE) 

3  tw/l  b 

N/A 

63 

HEAT  LOSS  DUE  TO  DRY  GAS 

1561.7 

8.2 

24 

CARBON  BURNEO  PER  LB  AS  FIREO  FUEL 

Ib/lb 

0.8704 

66 

HEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL 

2.3 

0.01 

ORY  GAS  PER  LB  AS  FIRED  ruEL  BURNED 

lb/lb 

16.9 

67 

HEAT  LOSS  DUE  TO  H,0  FROM  COMB  OF  H, 

1294.1 

6.8 

HOURLY  QUANTITIES 

68 

HEAT  LOSS  DUE  TO  COMBUST. 

IN  RE  FUSE 

mgmt 

26 

ACTUAL  water  evaporated 

IbKr 

18.502.4 

69 

HEAT  LOSS  DUE  TO 

RADIATION 

— 

27 

REHEAT  STEAM  flow 

lb  /h t 

N/A 

70 

UNMEASURED  LOSSES 

— 

28 

RATE  OF  FUEL  FIRING  (AS  FIRED  -■) 

Ib/bc 

,1265.2 

71 

TOTAL 

29 

TOTAL  HEAT  INPUT  (!-'«"»- W-?.1.'*”-*.!) 

IOOO 

VB/Kf 

23966.7 

77 

EFFICIENCY  :  (100 

Item  71) 

80.5 

30 

HEAT  OUTPUT  IN  BLOW  DOWN  WATER 

liB/Kf 

..N/A  ... 

31 

^  y  ^  (litm  ?6» !•*'*'  201  •  (1  tern  2  7 *l»*wi‘  7 1 )  *  l*e*t»  )C 
OUTPUT  1000 

V  Q  -  Hr 

_ 

18463.* 

FLUE  GAS  ANAL.  (BOILERHECON)  (AIR  HTR) 

OUTLET 

32 

CO, 

%  VOL 

13.0 

33 

o, 

%  VOL 

4.CL 

34 

CO 

*  VOL 

n.n 

Not  Required  lor  Elite 

IS 

N,  (6V  DIFFERENCE) 

*  VOL 

«T  ,T 

38 

EXCESS  AIR 

% 

21.9 

Fot  Point  ol  M#o%u»e««nt  See  Pot.  M.I.LFTf  4.1-1964 

1 


E-69 


UMMARY  SHEET 


owner  of  plant 

TEST  CONOUCTEO  BY 
boiler  MAKE  ft  TYPE 
stoker  TYPE  ft  SIZE 


ASM  E  TEST  FORM 

FOR  ABBREVIATED  EFFICIENCY  TEST 


PTC  *.  l-o  ( 1964) 


inal  Baseline  Neat  Oil  test  no  a  boiler  no 


U . S .  Coast  Guard  _ _  _  location  New  London.  CT _ 

_ .  Se a w or t h y  E ng in e _ _Sy$Xejns  .  0DJECTIvE  or  Tf STMeasurp  Efficiency 
Bigelow  KS  20  J»*teo  capacity 


OURaViOn  4 


STOKER  TYPE  ft  SIZE  N/A 

pul  .  C  rizer.  type  &  size  N/A 

FUEL  USED  Oil  MINE 


PRESSURES  &  TEMPERATURES 


STEAM  PRESSURE  IN  BOILER  DRUM 


28,500  lbs /hr 


nuRNt_S  SI ZE< No)  116-82  (2) 

STATE  N/A  SIZE  AS  EIREDN/A 


FUEL  DATA 


STEAM  PRESSURE  AT  s  H  On  it  I  : 

STEam  PRESSURE  aT  R  ii  ini  I  I 

S  TEjAM  PRESSURE  aT  R  H  OUH  I  I  _ 

STEam  TEMPERATURE  AT  0UTLET__ 

STEAM  TEMPERATURE  AT  R  h  INLEJ 
STEAM  TEMPERATURE  AT  R  H  OUTLET 

water  TEMP  ENTERING  .BOILER 


STEamOUALITYT.  moisture 


air  TEMP  AROUND  BOILER  (AMBIENT  . 


TEMP  AIR  FOR  COMBUSTION 
(TKi#  Rtltrtnc,  T««b*iOIu',)  * 


TEMPERATURE  OF  FUEL 


Gas  TEmP  LEAVING  (Bo.Url 


CAS  TEMP  ENTERING  AH  (II  tond.i.on,  ■«  b' 
coirccltd  *0  nuaianU,! _ 


36  I  VOL  MATTER 
FIXED  CARBON 
ASH 


TOTAL 


Biu  ott  lb  AS  FIRED 


ASH  SOFT  TEMP.- 
ASTM  METHOD 


COAL  OR  OIL  AS  FIRED 
ULTIMATE  ANALYSIS 


HYDROGEN 


OXYGEN 


NITROGEN 


87.04 


11.75 


0.17 


0.22 


0.58 


CO 

wm 

CH„  METHANE 

N/A 

C,M,  ACETYLENE 

N/A 

C,  H.  ETHYLENE 

N/A 

30 

M  f  A  T  TPu  ‘  IN  Bl  Ow  00*N  *aTFW 

h  B/Ke 

h-  - 

N/A 

Ji 

u.,n.  ZC  1  . . ?'•>„.  1  •••<■-  It 

OUTPUT  'Odd 

Urt 

_ 

20861.4 

FLUE  Gas  ANAL.  (BUM  f  Ml  If  CON  .AIR  HTRI 

OUTLET 

3J 

CO, 

*4  VOl 

1  J ,  2. 

C>i 

\  VOL 

l.Q 

u 

CC 

%  VOl 

1  ,  .  1  * 

3S 

N,  (BV  DIFFERFnC  f  ■ 

%  VOl 

7-  ■  .  W 

1* 

E  XCESS  AIR 

% 

i  » 

1  Noi  RtQiu**!1  »o  f 

*  t  di  Po«bi  of  M«tiw.|iTi|fli  So*  F**1  7. 2  8  I  t  C  4. 1*1^64 


SUMMARY  SHEET 


ASME  TEST  FORM 

FOR  ABBREVIATED  EFFICIENCY  TEST 


PTC  4.  )-o  (  1964) 


Te 

OWNEB  OF  PLANT _ U  .§  .  Coast  i 

; EST  conducted  BY  Seaworthy. _Ei 

boiler  makes,  type  Bigelow  KS  : 

.!0«en  t ype  &  siz f  N/A 

PUL-CHIZER.  type  &  .IZC  N/A 
FUEL  USED  Oil  MINE 


PRESSURES  &  TEMPERATURES 


steam  pressure  in  boiler  drum 


Final  Ba 


U ?.§ .  Coast  Guard _ , 

Seaworthy  Engine  Systems 

Bigelow  KS  20 

N/A 

N/A 

...  ...  * 

MINE  N/A  _ 


TEST  NO  7  BOILER  NO 


location  New  London.  CT 


OBJECTIVE  or  TEST. 


SaTEO  capacity 


our  a  t  ion  ^ 

28 , 500  lbs/hr 


STEAM  PRESSURE  at  S  h  OUTLf  T 
STEAM  PRE  SSURE  aT  R  H.INltl 


-"f- 


S  T  E  AM  PRE  SSURE  A  T  R  m  Outlft 

steam  temperature  at _ outlet _ 

_ STEAM  TEMPERATURE  AT  R  H  INLE  T 
STEAM  TEMPERATURE  AT  R  H  OUTLET 

WATER  TEMP  ENTERING _ (BOILER) 

steamOualityg  moisture  _ _ _ 

AIR  TEmP.  AROUND  BOILER  (AMBIENT) 

TEMP  AIR  FOR  COMBUSTION 

ITtin  ii  Beloencc  T tmpti o lu. c )  I _ 

temperature  of  fuel 

GAS  TEMP. LEAVING  (Bo.  Icy) _ 

GAS  TEMP.  ENTERING  AM  (II  condition*  to  bo 

cottoctod  to  quotontoo) 

UNIT  QUANTITIES 


ENTHALPY  of  SAT.  LIQUIO  (TOTAL  MEAT) 


ENTHALPY  OF(SATURaTED 
STM 


ENTHALPY  OF  SAT.  FEED  TO  (BOILER) 


COAL  AS  FIRED 
PROX.  ANALYSIS 

mOIStUR£ 

vOL  matter 

FIXED  CARBON 


burner,  SIZE(No)1 16-82  (2) 

STAIE  N/A  SIZE  AS  FIRED  N  /A 

FUEL  OAT*  —  — 


F  L  ASH  POIN  IF-  ^ 

No  Dat 

ip  G'Oy"y 

3.9377 

VISCOSITY  at  SSL/* 
BURN  e  r _ 

i  282 

TOTAL  HYDROGEN  1 

325 .1 

N/A 

N/A 


74 

76.0 

127.6 

513.5 

N/A 


1  TOTAL 

M 

Btu  per  lb  AS  FIRED 

i 

ASH  SOFT  TEMP.* 
ASTM  me  thod 

COAL  OR  OIL  AS  FIRED 
ULTIMATE  ANALYSIS 


ieto/ib  [297.4 


Bto/lb  1182.7 


B-o/'b  |184  1 


HYDROGEN 


OXYGEN 


NITROGEN 


SULPHUR 


ASH 


MOISTURE 


1 

0 

10.22 


0.58 


0.055 


k.4^— 1  6L-iH-J — . 


' **  c  enthalpy  of  reheated  steam  r.h.  inlet 

,,  I  enthalpy  OF  reheated  steam  r.  m 
_  _ _j _ OUTLET  _  _ 

20  I  heat  aBS  LBOFSTEaM  (ITEM  If  -  ITEM  171 

I 

21  |  he  a  T  ABS  LB  R.  H.  STE  am  (ITEM  19  -  ITEM  I  8) 

22  [  DRY  REFUSE  (ASH  PIT  •  FLY  ASHI  PER  LB 

_ 1  AS  FIRED  FUEL _ _ _ 

72  ’  Btu  PER  LB  IN  REFUSE  (WEIGHTED  A VE  RAGE  ]  [Bto/lb 

24  £  CARBON  burned  per  c.B  AS  FIREO  fuel 


2b  I  DRY  GASPER  LB  AS  FIRED  ruCi.  BURNED 
HOURLY  QUANTITIES 
V  [  actual  waTFB  EVAPOBATIi) 

7!  !  REHEAT  steam  flow 
8  I  »»-c  OF  fuel  FIRING  (AS  fired  -i) 

29  (OlAL  HFaT  input  (lt»m  28  «  ll»tn  41) 

'000 

10  HEAT  OUTPuT  IN  BLOW  DOWN  WATER 

^^^^^lltCn.rW.'tYn'ZCl'EI'.n.?*’1'.  -  .'  1  .  '  I  'tn> 
■  OUTPUT  I  000 


_ TOTAL  J _ 

COAL  PULVERIZATION 

GRINDABILITY 

INDE  X  • _  N 

FINENESS  THRU 

50  M-  N 

FINENESS  1.  THRU 

_ 200  M'  [_N 

INPUT. OUT  PUT 
EFFICIENCY  OF  UNI  T  • 


HYDROGEN 

total 


TOTAL  HYDROCEN  I  N/A 
\  Wl  I 

TT  DENSITY  68  F 

ATm  PRE  SS  N/A 


Biu  PER  CU  F_T_ 
B»«  PER  l3 

ITEM  31  «  ■  00 
■JjEm  19_ 

I  Btu/  ib 


;  .N/A 
;_n/a 


heat  loss  efficiency  _  f 

HEAT  LOSS  DUE  TO  DRY  C.AS  j 

HE  AT  LOSS  DUE  TO  MOIST  UR  f  IN  FUf  l 
HEAT  LOSS  DU  F  TO  M,0  F  ROM  COMB  Or  H.f 
HEAT  LOSS  DUE  TO  COMBUST  in  REFUSE  | 
HEAT  l  OSS  DUE  TO  RADIATION  1 

UN  m  t  ASURE  D  I  OSSE  S  j 

total 

E  F  FICIE  NC  Y  MOO  -  71} 


.A.  F.  FUEL 

i  1750. 3 


i 

i 


<  BY  DIFFERENCE) 
E  XCESS  AIR 


%  VOL 
%  VOL 
%  VOL 
% 


A.SME  TEST  FORM 


SUMMARY  SHEET  FO  R  A  B  B  R  E  VI  a  T  EO  E  F  FI  Cl  ENC  Y  T  E  S  T  PTC  4.  |-o  (  1964) 


Test  Series  i _ 

Final 

Baseline  Neat  Oil 

TEST  NO 

ft 

BOILER  NO.  3  DATE  4/1S/R9 

Owner  of  PLANT 

U.S. 

.Coast  Guard _ 

LOCATION 

New 

London .  CT 

TEST  CONDUCTED  BY 

_  Seaworthy  Engine  .Systems. 

OBJECTIVE  OF 

TESTMeasurp  EffiriPncv  duration  4  upl 

BOILER  MAKE  &  TYPE 

Bigelow  KS  20 

_ »*Jeo  CAPACiTT  28,500  lbs/hr. 

STOKER  TYPE  &  SIZE 

N/A 

pulverizer,  type  a  size 

N/A 

burner,  STZE(No) 116-82  (2) 

FUEL  USED  Oil 

MINE  N/A 

COUNTY  n/A 

STATE  N/A  SIZE  AS  F IREDN/A 

PRESSURES  «.  TEMPERATURES  FUEL  DATA 


B 

steam  PRESSURE  IN  BOILER  drum 

ps  ■  o 

psio 

log.  2 

N/A 

COAL  AS  FIRED 
PROX.  ANALYSIS 

%  wt 

OIL 

steam  PRESSURE  AT  S  H  OUTLET 

37 

MOISTURE 

RjA 

51 

flash  point  f  • 

{No  Dat« 
D. 9377 

pti 

steam  pressure  at  r  h.  inlet 

ps  *  o 

N/A 

N/A 

38 

39 

VOL  MATTER 

_N/A_ 

52 

Sp.  Gravity 

■ 

STEAM  PRESSURE  AT  R.  H.  OUTLET 

p  s  ■  o 

FIXED  CARBON 

N/A 

m 

VISCOSITY  at  SSU- 

BURNER  286 

II 

STEAM  TEMPERATURE  AT  OUTLET 

F 

326.0 

40 

ASH 

N/A 

RI 

BBS 

m 

STEAM  TEMPERATURE  AT  R  n  INLET 

F 

N/A 

TOTAL 

n 

Btu  per  lb 

18943 

m 

STEAM  TEMPERATURE  AT  R.h.  OUTLET 

F 

N/A 

Hj 

Btu  per  lb  AS  FIRED 

rrrm 

■ 

WATER  TEMP  ENTERING  (BOILER) 

m 

217.2 

■ 

ASH  SOFT  TEMP.* 
ASTM  METHOD 

wm 

CAS 

r.  vol 

B 

STEamOUALITYT.  MOISTURE 

m 

0.55 

COAL  OR  OIL  AS  FIREO 
ULTIMATE  ANALYSIS 

54 

CO 

wm 

Ea 

AIR  TEMP.  AROUND  BOILER  (AMBIENT) 

wm 

71 

D 

CARBON 

o 

r** 

00 

m 

ch4  methane 

N/A 

L" 

TEMP  AIR  FOR  COMBUSTION 
(Thi*  IS  Reference  Temperature)  t 

m 

68.4 

H 

HYDROGEN 

i 

c,h,  acetylene 

N/A 

TEMPERATURE  OF  FUEL 

F 

127.6 

□ 

OXYGEN 

m 

C,H.  ETHYLENE 

i  mnm\ 

GAS  TEMP.  LEAVING  (Bo.U.) 

F 

542.2 

m 

NITROGEN 

RI WFM 

n 

C,H.  ethane 

N/A 

GaS  TEMP.  ENTERING  AH  (If  conditions  »o  be 
corrected  to  aworontee) 

F 

N/A 

m 

SULPHUR 

[989 

RI 

H,s 

inn 

UNIT  QUANTITIES 

m 

ASH 

0.055 

El 

CO, 

N/A 

IS 

ENTHALPY  OF  SAT. LIQUID  (TOTAL  HEAT) 

B.u/lb 

292,3.. 

wm 

MOISTURE 

0.19 

RI 

Bfl 

16 

I  7 

ENTHALPY  OF(SATURATED 

STM 

Btu/I  b 

1182.3 

TOTAL 

total 

Sail 

ENTHALPY  OF  SAT.  FEED  TO  (BOILER) 

Btu/lb 

185.2 

COAL  PULVERIZATION 

1 

TOTAL  HYDROGEN 

%  wt 

N/A 

IB 

ENTHALPY  OF  reheated  steam  r.h.  INLET 

N/A 

H 

GRINDABILITY 

INDE  X  * 

N/A 

DENSITY  68  F 

ATM.  PRESS.  N/A 

19 

ENTHALPY  OF  REHEATCO  STEAM  9.  H 
OUTLET 

N/A 

i 

FINENESS  %  THRU 

50  M% 

N/A 

63 

B.u  PER  CU  FT 

N/A 

20 

HEAT  ABS.'LB  OF  STEAM  (ITEM  16-ITEM  !7t 

997.1 

FINENESS  %  THRU 
200  M» 

N/A 

41 

B.u  PER  LB 

N/A 

21 

HEAT  aBS.LB  R.H.  STEAMtITEM  19-ITEm  18) 

B»u/  lb 

N/A 

I 

INPUT  *OUT  PUT  ITEM  31  -  100  | 

EFFICIENCY  OF  UNIT  %  ITEM  29  76.1  S 

22 

DRY  REFUSE  (ASH  PIT  ♦  FLY  ASH)  PER  LB 

AS  FIRED  FUEL 

lb/ lb 

N/A 

HEAT  LOSS  EFFICIENCY 

Btu/lb 

A.  F.  FUEL 

%  of  A.  F. 
FUEL 

23 

B.U  PER  LB  IN  REFUSE  (WEIGHTED  AVERAGE) 

Biu/lk 

65 

HEAT  LOSS  DUE  TO  DRY  GAS 

1817.7 

9.6 

0..QJ _ 

7U..__ 

24 

CARBON  BURNED  PER  LB  AS  FIREO  FUEL 

Ib/lb 

p .8704 

66 

HEAT  LOSS  DUE  TO  MOISTURE  IN  FUEL 

2.4 

25 

DRY  GAS  PER  LB  AS  FIRED  FUEL  BURNED 

Ib/lb 

16  ,D 

279923 

.N/A 

1935.9. 

36671.1 

N/A. 

2791  1.8 

67 

MEAT  LOSS  DUE  TO  H,0  FROM  COMB  OF  H, 

1345 . L 

HOURLY  QUANTITIES 

68 

HE  AT  LOSS  DUE  TO  COMBUST.  IN  REFUSE 

26 

_?yj 

28 

29 

30 

actual  water  EVAPORATED 

REHEAT  steam  FLOW 

RATE  OF  FUEL  FIRING  (AS  FIRED  -t) 

lb  hr 

lb  /hr 

1  br'hr 

69 

70 

71 

HEAT  LOSS  DUE  TO  RADIATION 

UNMf  aSURED  LOSSES 

TOTAL 

_ 

0.9  ... 

3.-Q  .  - 
20.6  - 

79.  L _ 

TOTAL  MEAT  INPUT  Cwm  7B  *  i<J> 

1000  _ _ 

HEAT  OUTPUT  IN  BLOW  DOWN  waIER 

^  (1  tem  26  *  1  tent  20*  •(Item  2  7  #l  tern  2  1 )  •  1  'em  3C 
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VO  h. 

72 

E  F  F tCI E NC  Y  =  (100  -  Item  71) 

Not  Required  for  Efficiency  Tettinq 

*  For  Point  of  Measurement  See  Per.  7.2.8.l*PTC  4.1*1964 
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32 

33 
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o. 

VOL 

%  VOL 

.13a8_ 
3,2.  . 

34 

CO 

%  VOL 

0 . 0 

33 
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%  VOL 

83^0 

36 

EXCESS  AIR 

% 
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E-72 


APPENDIX  F 


GRAPHS  OF  TEST  EFFICIENCIES  AND  CURVE  FITS 


Figure  F-1 

Preliminary  Neat  Oil  Test  Efficiencies  by  Heat  Output/tnput  Method 


BOILER  LOAD,  %  OF  MAXIMUM  LOAD  (28,500  LBS/HR) 


Figure  F-2 

Fro-toog  Ton*  Naat  OH  To«»  Efficiencies  by  Meet  Oetput/tnput  Method 


BOILER  LOAD,  %  OF  MAXIMUM  LOAD  (28.500  LBS/HR) 


Figure  F-3 

Foit  Lone  T#rm  Ntat  Oil  Ttit  Efficiencies  by  Haat  Output/Input  Method 


BOILER  LOAD,  %  OF  MAXIMUM  LOAD  (28,500  LBS/HR) 


Figure  F-4 

Interim  Btit  Lint  Ntat  Oil  T«st  Efflci«nc«t  by  Htat  Output/Input  Method 


BOILER  LOAD,  %  OF  MAXIMUM  LOAD  (28,500  LBS/HR) 


Figure  F-5 

re-Long  Term  Emulsified  Oil  Test  Efficiencies  by  Heat  Output/Input  Method 


BOILER  LOAD,  %  OF  MAXIMUM  LOAD  (28,500  LBS/HR) 


Emulsified  Oil  Test  Efficiencies  by  Heat  Output/Input  Method 


BOILER  LOAD,  %  OF  MAXIMUM  LOAD  (28,500  LBS/HR) 


Figure  F-7 

Final  Base  Line  Neat  Oil  Test  Efficiencies  by  Heat  Output/Input  Method 


BOILER  LOAD,  %  OF  MAXIMUM  LOAD  (28,500  LBS/HR) 


APPENDIX  G 


SUMMARIES  OF  TEST  BOILER  COMBUSTION  AND 
OPERATIONAL  PARAMETERS  DURING  EFFICIENCY  TESTS 


tt  Furnace  Pressure  -  Windbox  Pressure 
from  Temperature  and  Fuel  Analysis 
rom  Norcrosse  Viscosity  Meter 
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SUMMARY  OF  POST  LONG  TERM  NEAT  OIL  EFFICIENCY  TESTS  OPERATIONAL  PARAMETERS 
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Furnace  Draft  -  Furnace  Pressure  -  Wind box  Pressure 


TABLE  G-12 

SUMMARY  OF  POST  LONG  TERM  EMULSIFIED  OIL  EFFICIENCY  AND  EMISSION  TESTS  OPERATIONAL  PARAMETERS 
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he  same  load.  Questionable  results  believed  to  be  due  to  pick-up  of  particulate  from  duct  floor  during  test.  Results 
>ot  used  In  data  analysis. 
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Test  3a  particulate  data  not  believable  based  on  disagreement  with  results  of  four  (4)  other  tests  run  at  essentially  the 
same  load.  Questionable  results  believed  to  be  due  to  pick-up  of  particulate  from  duct  floor  durlne  test.  Results  not  used 
In  statistical  analysis. 
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277  North  Quaker  Lane 
West  Hartford,  CT  061 19 
Telephone  203-236-5141 


Irving  W.  Glater,  P.E.,  C.S.P. 


July  24 ,  1981 


Seaworthy  Engine  Systems 
36  Main  Street 
Essex,  CT  0642 6 

Attention:  Mr.  Reed  Cass 

Subject:  Coast  Guard  Academy  Test  Program- 

Evaluation  of  Boiler  Tube  Test  Windows 
And  Gas  Path  Deposits 


Gentlemen : 

I  have  the  following  to  report: 

CHARACTERIZATION  OF  TEST  WINDOWS: 
BACKGROUND : 


In  a  meeting  at  Bigelow  Co.  in  New  Haven,  CT  on 
6/3/80  it  was  decided  that  the  test  windows  would  be  sectioned 
from  ASTM  A  106  seamless  carbon  steel  pipe  for  high  temperature 
service.  Three  test  windows  were  received,  representing  the 
pipes  from  which  all  the  other  test  pieces  were  sectioned. 

One  of  the  pieces  was  marked  with  a  pink  layout  dye,  while  the 
other  two  were  normal  steel  gray  color  (see  figures  1  and  2). 
The  following  represents  the  results  of  tests  to  verify  the 
compliance  of  the  material  to  ASTM  A  106: 

METALLOGRAPHIC: 


This  test  was  performed  first.  Transverse  slices 
were  taken  from  each  specimen,  mounted,  ground,  polished  and 
etched.  It  was  seen  immediately  that  the  pink  sample  has  a 
significantly  different  microstructure  from  the  other  two, 
which  were  identical  -  there  was  much  less  pearlite  in  the 
ferrite  matrix.  See  figures  3  and  4. 

HARDNESS : 


A  number  of  5  kg  Vickers  hardness  impressions  were 
made  on  the  polished  metallographic  samples.  Again  the 
discrepancy  was  clear.  The  pink  sample  averaged  93HV  while 
the  other  two  pieces  were  130/133  HV. 


CHEMISTRY : 


Because  the  two  gray  samples  were  nearly  identical 
in  both  microstructure  and  hardness,  it  was  decided  that  only 
one  would  be  sent  out  for  chemistry,  along  with  the  pink  sample. 
The  results  are  appended  to  this  report.  Both  samples  are  low 
on  silicon  content,  but  otherwise  meet  the  requirements  of 
ASTM  A  106. 

THICKNESS: 


A  number  of  measurements  were  taken  optically  on  the 
polished  metallographic  cross  section  specimens,  and  micrometer 
caliper  readings  were  taken  on  the  remaining  sample  material. 
Average  thickness  readings  are  as  follows : 

pink  -  0.117  inch 
gray  -  0.1l4  inch 
gray  -  0.113  inch 


CONCLUSION : 


It  would  seem  that  with  the  exception  of  the  low  Si 
content  in  their  compositions  all  of  the  test  window  specimens 
meet  the  requirements  of  ASTM  A  106 .  The  significant  difference 
in  microstructure  and  hardness  would  lead  to  the  conclusion  that 
the  pink  sample  was  Grade  A  material  (i.e.  ^8  ksi  min.  UTS), 
while  the  other  two  pieces  were  Grade  B  (i.e.  60  ksi  min.  UTS). 


EXAMINATION  OF  TEST  WINDOWS  PROM  FURNACE: 
BACKGROUND : 


Nine  test  windows  were  received  for  examination, 
numbered  as  follows:  1,2,3,7,8,9*10,11,12.  Apparently  they 
were  removed  from  the  boiler  tubes  by  an  oxy-acetylene  cutting 
torch,  since  they  exhibited  severe  melting  damage  and  thermal 
distress  (see  figures  5  through  10).  Further  examination 
showed  that  when  the  windows  were  initially  installed  the 
reinforcement  portion  of  the  groove  welds  was  removed  by  grind¬ 
ing,  and  in  most  instances  at  least  some  of  the  window  surface 
was  damaged  by  grinding  on  the  adjacent  weld. 

DETAILS  OF  EXAMINATION: 


All  samples  were  carefully  examined  with  a  eye  to 
finding  the  region  of  least  melting  and  thermal  damage.  A 
metallographic  specimen  was  cut  from  each.  These  specimens 
were  mounted,  ground,  polished,  etched  and  examined . Unfortunately 
the  thermal  distress  from  removal  destroyed  anything  that  might 
have  been  present  of  a  significant  metallographic  nature. 

Average  thicknesses  were  measured;  however,  any  reduction  in 
thickness  likely  was  due  to  grinding  rather  than  corrosion. 


(3) 


ANALYSES  OF  SCRAPINGS  FROM  BOILER  TUBES: 


COMMENTS : 

The  appended  chemical  analyses  were  performed  on  samples 
that  were  marked  "#1"  and  "# 14."  In  my  viewpoint,  the  most 
significant  difference  between  the  samples  is  carbon  content  - 
almost  an  order  of  magnitude.  The  presence  of  significant 
amounts  of  aluminum  and  nickel  is  worthy  of  speculation,  as  to 
their  sources. 


Respectfully  submitted. 


Irvircg'W.  Glater 
Principal 


Figure  3  Microstructure  of  "pink"  test 

window,  consisting  of  primarily 
ferrite  grains,  with  a  few  tiny 
pearlite  islands  (dark  etching). 
500X  27o  Nital  Etch 


Figure  4  Microstructure  typical  of  both 
other  test  windows.  Much  more 
pearlite  (dark  etching)  is  seen. 
500X  2%  Nital  Etch 


Concave  sides  of  furnace  specimens 
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The  Henry  Souther  Engineering  Co. 

24  TOBEY  ROAD,  BLOOMFIELD,  CONN.  06002 
TEL.  (203)  242  6291 

ENGINEERS,  METALLURGISTS  and  ANALYSTS 

Irving  W.  Glater,  P.  E,  June  S/8l 

277  North  Quaker  Lane 
West  Hartford,  CT.  06119 


W«  Kav*  lh#  following  roporl  to  make  on  lha  sampla  racaived 


Modi 


6A/81 


675b03-aQU 


2  Samples  -  Boiler  Scrapings  -  Marked  #1  and  #1U 


Chemical  Analysis 


n 

#1U 

Carbon 

5.U5  % 

50.66  % 

Sulfur 

10.05 

5.87 

Seml-quantltatlve  spectrographlc  Analysis 


n 

#1 h 

None  detected 

Sod  inn 

Large  amount 

Small  amount 

Silver 

Iron 

Small  amount 

Large  amount 

Arsenic 

Vanadium 

Moderate  amount 

Moderate  amount 

Barium 

Aluminum 

Small  amount 

It 

Bismuth 

Nickel 

II 

II 

Mercury 

Silicon 
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Small  amount 

Indium 

Calcium 

Trace  amount 

fl 

Lithium 

Magnesium 

Snail  amount 

II 
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II 

Faint  trace 

Strontium 

Copper 

Paint  trace 

Trace  amount 

Tungsten 

Cobalt 

Faint  trace 

Trace  amount 

Zirconium 

Potassium 

Trace  amount 

Trace  amount 

Lead 

fl 

Faint  trace 

Titanium 

Faint  trace 

Trace  amount 

Zinc 

Trace  amount 

ft 

Boron 

None  detected 

Faint  trace 

Chromium 

l« 

II 

Manganese 
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It 

Cadmium 

s’aint  trace 

II 

Tin 
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II 

Key:  Large  amount 
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Henry  Souther  Laboratories,  Inc 

24  TOBEY  ROAD,  BLOOMFIELD,  CONN.  06002 
TEL.  (203)  242  6291 

ENGINEERS,  METALLURGISTS  and  ANALYSTS 
Irving  W.  Olater  June  8/8l 


0 


W«  have  Dm  following  report  to  make  upon  the  sample  received 


W81 


0 


Sample  Mark 

^7?>U03-lj0U  2  Samples  -  Boiler  Scrapings  -  Marked  #1  and  #12* 


Analysis 

#1  Tube  Bank 

//12*  Tube  Bank 

Reaction 

Neutral 

Qualitative  Analysis 

Neutral 

Chloride  (Cl) 

None  detected 

None  detected 

Carbonate  (CO-*) 

None  detected 

None  detected 

Sulfate  (SOur 

Present  -  large  amount 

Present  -  Moderate  amount 

Respectfully  submitted, 

HENRY  SOUTHER  LABORATORIES.  INC 


Henry  Souther  Laboratories,  Inc. 

24  TOBEY  ROAO.  BLOOMFIELD.  CONN.  06002 
TEL.  (203)  242-6291 

ENGINEERS,  METALLURGISTS  and  ANALYSTS 

Irving  W.  Glater,  P.  E.  6/8/81 

277  North  Quaker  Lane 
West  Hartford,  CT.  06119 

We  have  the  following  report  to  make  upon  the  sample  received  6/ u/8l 

Sample  Mark 

675U02-A  ft  B  (2)  Samples  -  Carbon  Steel 


Chemical  Analysis 

A  -  Pink 

B  -  Ore: 

Carbon 

.11  % 

.15  % 

Phosphorus 

.01U 

.016 

Sulfur 

.015 

.020 

Manganese 

.38 

.35 

Silicon 

.08 

.06 

Respectfully  submitted, 

HENRY  SOUTHER  LABORATORIES.  INC 
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•  Safety 


May  3,  1982 


Seaworthy  Engine  Systems 
36  Main  Street 
Essex,  CT  06426 

Attention:  Mr.  Heed  Cass 

Reference:  Report  (IWG),  same  subject,  dated  7/24/81 

Subject:  Coast  Guard  Academy  Test  Program  -  Evaluation 

of  Boiler  Tube  Test  Windows  and  Gas  Path  Deposits. 

Gent lemen : 

I  have  the  following  to  report: 


BACKGROUND: 

This  report  covers  examination  of  a  new  set  of  metal 
and  products  of  combustion  samples  which  were  exposed  to 
or  resulted  from  exposure  to  a  different  set  of  firing 
parameters  than  the  samples  whose  examination  was  covered 
by  the  referenced  report. 


DETAILS  OF  EXAMINATION: 

VISUAL: 

The  ID  and  OD  surfaces  of  the  test  window 
specimens  are  seen  in  figures  1,  2  &  3.  Note  in  figures 
2  &  3  that  the  ID  surfaces  have  precipitated,  whitish 
salt  deposits  which  are  absent  on  the  pieces  in  figure  1. 

METALLOGRAPHIC  : 

Nine  tube  window  specimens  were  received,  numbered 
2 , 3  ,  4 , 7 , 8  , ')  ,  10 , 1 1  &12.  Transverse  sections  were  cut  from 
each  and  prepared  for  metallographic  examination.  It  was 
determined  that  specimens  2  &  4  were  made  from  the  "pink" 
material  of  the  referenced  report,  while  the  other  seven 
specimens  were  made  from  the  "gray"  material.  None  of  the 
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specimens  showed  any  attack  or  distress  on  the  fire  side; 
however j  all  specimens  showed  a  ferrous  oxide  layer 
approximately  .0005  inch  thick  immediately  on  the  parent 
metal,  covered  by  a  ferric  oxide  layer  of  varying  thick¬ 
ness.  On  specimens  7 ,8 ,9 ,10 ,11412  the  thickness  was 
fairly  uniform  at  .0005  inch,  while  on  specimens  2,3&4 
the  ferric  material  ranged  up  to  .003  inch  thickness 
(see  figure  4).  No  evidence  of  significant  metallurgical 
transformation  (e.g.  precipitation  phenomena)  was  seen  in  any 
of  the  specimens. 

HARDNESS : 


A  number  of  5  kg  Vickers  hardness  readings  were 
taken  on  specimens  representing  the  "pink"  and  "gray" 
material.  The  "gray"  material  averaged  133  HV,  essentially 
the  same  as  when  it  was  unexposed.  The  "pink"  material 
averaged  112HV,  an  increase  over  the  unexposed  average  of 
93  HV.  It  is  suspected  that  the  increase  is  due  to  a  strain¬ 
aging  phenomenon;  however,  it  is  unlikely  to  have  any  sig¬ 
nificant  practical  consequences. 

CHEMICAL  EXAMINATION  OF  DEPOSITS: 


Four  samples  of  powder  or  solid  material  resulting 
from  the  products  of  combustion  were  received  for  examination, 
as  follows : 


#1  -  Slag  on  deck 

#2  -  Surface  deposits  on  generating  tubes 

#3  -  Deposits  on  back  pass  tubes 

#4  -  Scapings  from  tubes  outlet  damper 

Samples  2, 3&4  were  subjected  to  semi-quantitative 
spectrographic  analysis  for  metallic  elements,  quantitative 
analysis  for  carbon  and  sulfur,  pH  test,  and  qualitative 
analysis  for  Cl,  SOij  and  CO^  ions.  Due  to  the  vitreous 
nature  of  sample  1  it  was  decided  that  only  the  semi-quantitative 
analysis  for  metallic  elements  should  be  done. 

The  results  of  all  tests  are  appended.  The  following 
observations  are  offered: 

a.  V,  Ni ,  Al,  Ca  seem  to  be  the  predominant 
metallic  elements;  however,  Ca  is  completely  absent  from 
the  slag  sample  (#1).  In  the  tests  done  in  the  referenced 
report  Fe ,  Na,  V  were  the  predominant  metallic  elements. 

b.  The  variation  in  carbon  content  among  samples 
2,3&4  is  substantial. 
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Semi- quantitative  Spectrographic  Analysis 


None  Detected 

Vanadium 

Large  Amount 

Arsenic 

Boron 

Nickel 

Moderate  Amount 

Barium 

Bismuth 

Aluminum 

Small 

Amount 

Calcium 

Iron 
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Sodium 
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Indium 
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ti 
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Potassium 

Lithium 
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Trace 
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Manganese 

Copper 
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Antimony 

Phosphorus 
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n 
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Titanium 

tt 
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Tungsten 

Zinc 

n 

n 

Zirconium 

Silver 
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Trace 

Cadmium 

it 

tf 

Chromium 

ft 

ft 

Magnesium 

ti 

ft 

Molybdenum 

it 

tt 

Lead 

it 

ft 

Tin 

ft 

ft 

KEY  Large  Amount  more  than  15% 
Moderate  "  5-15 

Small  "  1-5 

Trace  "  0.1-1 

Faint  Trace  less  than  .10 


* 
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We  certify  that  the  above 
is  a  true  copy  of  our  record. 
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hnapln  Mark 

682037  Saimole  #2  Surface  depoalta  on  generating  tubes 


Semi- quantitative  Spectro graphic  Analysis 


Vanadium 

Large  Amount 

None  Detected 

Silver 

Arsenic 

Nickel 

Moderate  Amount 

Boron 

Aluminum 

Small  Amount 

Barium 

Bismuth 

Calcium 

h  n 

Cadmium 

Magnesium 

Sodium 

n  H 

Chromium 

n  n 

Mercury 

Silicon 

n  n 

Indium 

Cobalt 

Trace  Amount 

Potassium 

Lithium 

Copper 

n  n 

Antimony 

Iron 

tf  tf 

Strontium 

Molybdenum 

it  n 

Tungsten 

Lead 

ft  n 

Zirconium 

Zinc 

H  If 

Manganese 

Faint  Trace 

Tin 

If  tf 

Titanium 

If  ff 

CHEMICAL  ANALYSIS 

Carbon  1.01# 

Sulfur  11.65# 

Reaction  Neutral 

Qualitative  Analysle 

Chloride  Joint  Trace 

Sulfate  Large  Amount 

Carbonate  None  Detected 


We  certify  that  the  above 
is  a  true  copy  of  our  record. 
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Modi 

Sample  #3  Deposits  on  back  pass  tubes 


Semi -■quantitative  Spectrographic  Analysis 


None  Detected 


Vanadium 

Large  Amount 

Silver 

Arsenic 

Nickel 

Moderate  Amount 

Boron 

Barium 

Aluminum 

Small 
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Bismuth 
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Antimony 
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Tungsten 

Zinc 

ft 

tt 

Zirconium 

Manganese 

Faint 

Trace 
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n 

tt 

Tin 

ft 

tt 

Titanium 

it 

tt 

CHEMICAL  ANALYSIS 


Carbon  15.60% 

Sulfur  14.60% 

Reaction  Acidic 

Qualitative  Analysis 

Chloride  Joint  Trace 

Sulfate  Large  Amount 

Carbonate  None  Detected 

We  certify  that  the  above 
it  a  true  copy  of  our  record. 
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We  Imv*  9m  foNowtof  raped  to  Make  upon  9m  inwpla  raeoKrad  4/12/82 
SoMpto  Modi 

682039 _ Sample  #4  Boiler  #3.  Scrapings  from  tubes  outlet  damper 


Semi- quantitative  Spectrographic  Analysis 

None  Detected 
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Nickel 

Aluminum 
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Magnesium 
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Copper 

Sodium 

Titanium 

Manganese 

Molybdenum 
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Small  Amount 
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it 
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it 
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Silver 

Arsenic 

Boron 

Barium 

Bismuth 

fjadmlinn 

Chromium 

Mercury 

Indium 

Potassium 

Lithium 

Antimony 

Strontium 

Tungsten 

Zirconium 


CHEMICAL  ANALYSIS 

Carbon  46. 3696 

Sulfur  7.84 


Reaction  Neutral 

Qualitative  Analysis 

Chloride  None  Detected 

Sulfate  Large  Amount 

Carbonate  None  Detected 


We  certify  that  the  above 
it  a  true  copy  of  our  record. 
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test  window  samples  (above) 
same  samples  (below) 
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Figure  A  Tranverse  section  through  ID  on 
specimen  #2.  Hazy  appearing 
material  between  arrows  is  ferric 
(red)  oxide.  Narrower  band  adjacent 
is  ferrous  (black.)  oxide.  Light 
etching  base  metal  is  at  right  . 
500X  27o  Nital  Etch 


BOILER  INSPECTION  REPORT 
SLJ  PROJECT  066-01 


Date  of  Inspection 


Boiler  No. 


(Furnace  Tubes! 


Location:  USCG  Academy,  New  London,  CT 


Inspector: 


Inspection  Results: 


Gas  Side 


„  Furnace  Floor:  _ Loosely  _  sintered _ in  the _ rear-half  of _ Llour.,. 

307o  cracks  showing,  castible  refractory  patch  made  in  way  of  step 
joint,  and  in  the  middle  of  front-half  of  the  floor,  single  brick 


side  and  rear  corbell,  no  front  corbell,  rear  corbell  deteriorating 
slightly  about  25%,  no 


me.  See 


e,  207<>  castible  patch  right,  upper  knee 
%  .100%  patched.  Walls  SDalled  and  vi tri f i ed . 


heavily  midway  into  boiler.  See  photos  of  right  &  left  knee  walls. 


Burner  Refractory:  _ Upper _ front _ M.all - good  r.nnrfifinn.  S7T 

showing.  Burner  throat  tiles  true  and  in  good  condition,  lower  front 


wall  25%  glazed  with  light  coking.  See  photos  right  and  left  burner 


throats . 

Water  Wall  Tubes:  Tubes cleaned to — base — metal t-h  mating 

of  brown  oxide  due  to  recent  steam  cleaning  but  otherwise  clean. 


See  photos  right,  left  and  rear  water 


Sintere 


enerating  tubes. 


-2 
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SES  Project  066-01 


Boiler  Casing:  _ Casing  bolting  and  gasketing  in  good  condition. 


Soot  box  below  water  drum  clean. 


Flue  Gas  Baffles: 

_ Lai _ St _ 2nd _ pass 

_ inspected _ - 

tood  condition^ 

slight  brick  misalignment  in  rear  corners  of  furnace  baffles  extending 
from  knee  wall  to  turn  of  roof  tubes.  See  photos  of  lower  and  upper 

1st  pass  baffle. 

Flue  Gas  Damper: 

Two  piece  solid 

metal  dampers 

-  good  condition, 

clean.  See  Dhoto  of 

flue  eas  damper. 

Gas  Side  General  Comments:  Generally  good  condition,  recently 

cleaned  with  wire  brush,  steam  and  chemicals. _ 


Water  Side 


Steam  Drum:  _ Clean  and  flushed  -  no  mineral  (brown)  deposits. 

Some  mechanical  loose  scale  specks.  Slight  oxidation  of  metal  (light 
rust)  20%;  80%  bare  metal.  Localized  pitting  at  belt  line,  chemical 
:eed  line  18"  long  Into  left  head  of  drum.  See  photo  of  steam  drum. 


Water  Drum:  - Cleaned - and - LL.US.hed _ - _ nc _ mineral  (brown) 

deposits.  Small  amount  of  hard  mechanical  loose  scale.  Slight  oxidation 

of  metal  (light  rust)  207<>;  80%  bare  metal.  See  photo  of  water  drum. _ 

Water  Wall  Header:  _  .Clean, - smaJJ _ pa.rticl.es  of  mprhaniral  hard 

scale.  Light  oxidation. _ _ _ _ 

WaterSide  General  Comments:  Normal  physical  appearance 
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Boiler  Inspection  Report 


SES  Project  066-01 


Combustion  Air 


Forced  Draft  Blower 


kd  lOf  I W/  III  JVIllf 


free.  Inlet  air  temperature  thermocouple  on  Inlet  screen.  See  photo 
combustion  air  thermocouple. 


Air  Damper: 


Combustion  Control  System 


Fuel  Oil/ Combustion  Air  Ratio  Controller:  Hagan  manual /auto  master 


J  il*  <'l  n 


oxygen  trim  system.  See  photos  of  02  tri 


Feed  Water  Pump 


150  psig  steam  reclp  back-u 


Feed  Water  Regulator:  Single  stage,  direct  acting  off  of  drum 


Feed  Water  Treatment  System:  Betz  716,  729.  733.  741  control 


MUfiwq—  9  vTiHVmiTii  47*1 1 


over,  flocculent  properties. 


Feed  Water  Blowdown  System:  Surface.  bottom  and 


Boiler  Inspection  Report 
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r 


Feed  Water  Meter:  .  Hew _ Hof Ecrrf law _ high _ accuracy  meter  with 

rcaotc  readout Feed  water  thermocouple  with  remote  readout  fitted. 

See  photo  of  feed  water  meter. _ 

Soot  Blowing  Syetem 

Soot  Blowing  Elements:  Drua  pressure  desuperheated  steals  units 

(Cooes  Vulcan)  three  hand  rotated  chain  driven  elements,  located 

In  ggMmUng  hsnlt , _ 
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It.  fetfTMf  IHf(w»«r 


17.  Fb#l  Oil  Hmfr  -  8/21/80 


18.  fu#l  Oil  Vl»co»ity  H«t«r  -  8/21/80 


8/21/80 


BOILER  INSPECTION  REPORT 
SES  PROJECT  066-01 


Date  of  Inspection _ 5/15/81 _ 

Boiler  No.  3 

Location:  USCG  Academy,  New  London,  CT 

Inspector:  R.  Cass/P.  Vollemans _ 

Inspection  Results: 

Gas  Side 

Furnace  Floor:  Loose  sintered  jre: 


loose  brick  in  center  step,  flame  impingement  mark  in  front  of  left 


burner,  before  center  step,  brickwork  and  rubble  from  knee  walls  on 
floor.  No  buckling.  See  photos  #1  and  #2  of  furnace  floor. _ 


Wall  Refractory:  Knee  walls  .  slagged  and  damaged.  Sped f i  ral  1 -y.,- jrlfjfl 

knee  wall  missing  several  brick,  corbel  cracked  and  separating  from 
front  wall.  Left  knee  wall  similiar  condition  as  right  knee  wall  plus 


Burner  Refractory:  Burner  throat  tile  true  and,  in  fair  condition.  Spec! 
icallv  right  throat  separating  bv  flame  eye.  Left  throat  had  one  section 


tf 

Water  Wall  Tubes: 

Entire  furnace  had  1/16"  to  1/8 

had  signs  of  flame  impingement  on  the  8th  through  13th  tubes  from  the 


Generating  Tubes:  1st  bank  of  generating  tubes  had  1/16"  to  1/8"  th 

layer  of  brown  powdery  deposits  which  were  easily  scrapped  off.  Other 
enerating  tubes  had  black  sootv  deposits  which  were  of  a  maximum  th 
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Boiler  Casing: 


Casing,  bolting  and  gasketing  in  fair 


Flue  Gas  Baffles:  — Eirst  -gas-paas-haf fl a -in -good  c-ondtt-ion.- &e 
#12.  Last  gas  path  baffle  had  void  between  4th  &  5th  tube  row  f 


side  of  boiler.  Void  was  approximately  5M  wide  by  18"  high.  Void  occured 
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Fuel  Oil  Heater: _ Condition  operational 


Fuel  Oil  Meter:  _ Rrookfl^ER  Poall 

Meter,  Model  ER  11LHP  with  accuracy  -  0.5%  of  flowrate  over  ranee  of 


0.75-7 


Fuel  Oil  System  General  Comments:  Condition  operational 
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Combustion  Air 


Forced  Draft  Blower: 


Air  Damper: 


it  ion. 


Combustion  Control  System 


Fuel  Oil/Combustion  Air  Ratio  Controller: 


in  need  ol 


regulator  and  fuel  oil  rttulstlnt  valve. 


j 


Feed  Water  System 


Feed  Water  Pump: 


Feed  Water  Regulator: 


Feed  Water  Treatment  System: 


Feed  Water  Blowdown  System:  System  operat 


I 
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»(£  MO*v 


w<».  > 


•t-  *kh-h  Acgdgmy,  New  London,  CT 


l  ♦►****i.-M  .  » 


W<»  414M  ■» 


iA* 


*’'*'“*'*'“*  r*wwr  _ Floor  cleaned,  knPP  wall  n.hhlp  rpmm 

•  Ptnof.  See  photos  #1  and  #2  of  furnace  floor. 


if*!  t„«*  hrx>e  walls  replaced.  See  photos  #3-8  of  furnace  walls 


■***  *•-.♦*»*  *#?(►,** 


w  *m)  *ti)  ’f  fcuffwr  throats. 


it 


ILL -Li  -if  gjttt  waj 


-  tttn*  r<*fcr  «  :  Catmrat  t  no  f-tihps 
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Gas  Side  General  Comments:  Boiler  gas  side  clean  and 

returned  to  physical  condition  similiar  to  pre  long  term  neat 


Water  Sidt 


Steam  Drum;  Drum  cleaned  of  sludge  layer  to  hare  metal  . 


Water  Side  General  Comments:  Internal  wat-  ,  side 


C  !  e  a  il 


and  in  a  similiar  condition  to  Dre  long  term  neat  oil  tes 
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Fuel  Oil  System 

Fuel  Oil  Pump:  Replacement-  pump  installed  with _ correct 

seals.  Previous  pump  internals  are  in  good  condition,  the  seal 

problem  was  due  to  improper  seal  installation  by  manufacturer. _ 

Fuel  Oil  Heater:  Condition  operational  -  no  change. _ 


Burners  and  Sprayer  Plates:  Burners  cleaned  and  new  tips 

and  plugs  for  emulsified  oil  tests. _ 


Burner  Registers:  Both  registers  cleaned  with  new _ operating 

rings  installed.  Register  #1  also  has  a  new  shaft  and  arm. 

Both  registers  operate  freely. _ _ _ _ _ _ 

Fuel  Oil  Meter:  Same-  as  5/15/81  Inapact-ion- Report. - 


Fuel  Oil  Treatment  System:  Same  as  5/15/81  Inspection  Report. 


Fuel  Oil  System  General  Comments:  System  in  good  condition. 
Discharge  strainer  clean.  Flexible  lines  from  burner  valves 
to  burner:,  replaced,  hnrr.p.r  valves  raplacad. - 
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Combustion  Air 

Forced  Draft  Blower: 


Air  Damper:  pioa„. 

bled  and  reassembled). 


Combustion  Control  System 

Fuel  Oil/Combustion  Air  Ratio  Controller: 
and  Compensating  rel,„  adjusted  bv  Haear 


y 


Feed  Water  System 


Feed  Water  Pump: 


Feed  Water  Treatment  System:  Same  as 

Report . 


Boiler  Inspection  Report 
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Feed  Water  Meter: 


■Sama.as.  5/1S/&1  Inspection— Report 


Soot  Blowing  System 


Soot  Blowing  Elements:  Supply  valve  lapped.  In  and 

Soot  blower  rotation  correct,  Nq  enlargement  of-JiQles.. ajj.. 
tions  in  holes.  Elements  cleaned  and  lubricated ■ _ 


tight 


obstruc 


Steam  Atomization  System: 

Steam  atomizing  regulator  rebuilt  with  new  dlaphram 
Steam  trap  added  Immediately  upstream  of  regulating  valve 
New  valves  and  flexible  lines  at  burners. 


PHOTOGRAPHS  OF  BOILER  NO.  3 
AT  U.S.C.G.  ACADEMY,  NEW  LONDON,  CT 


I*.  Right  Water  Wall  Tubes  Toward  Boiler  Front  -  6/3/81 


19.  First  Gas  Path  Baffle  -  6/3/81 
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BOILER  INSPECTION  REPORT 
SES  PROJECT  066-01 


Date  of  Inspection  April  1.  1982 


Boiler  No.  3 


Location:  USCG  Academy,  New  London,  CT 


Inspector: 


R.  Cass/P.  Volleman; 


Inspection  Results: 

Gas  Side 

Furnace  Floor:  Loose  sintered  refractory  covering  rear  half  of  floor 
with  several  cracks  showing.  Refractory  transition  in  front  of  center  step 


tions  against  rear  wall.  No  signs  of  flame  impingement.  See  photos  #1,  #2 
and  #3  of  furnace  floor.  _ _ _ 


Wall  Refractory:  Left  &  right  knee  walls  structural  condition  good  with 
surfaces  completely  glazed.  Clinker  I'x6'kx4,<  thick  (see  photo  #4)  on  left 

knee  wall  &  clinker  lVxl0"x2"  thick  (see  photo  #5)  on  right  knee  wall. 


Rear  knee  wall  structural  condition  good  with  heavy  slagging.  Front  wall 
structural  condition  fair  with  separations  between  &  above  burners.  See 


photo  #6.  Lower  front  wall  80%  glazed. 

Burner  Refractory:  _ Rnrnpr  thrnat _ t_i_Le _ frito  and _ in _ fair-  r n  onnd  ron- 


dition.  See  photos  #7  and  #8  of  #1  and  #2  burners. 


Water  Wall  Tubes:  Greyish-black  easily  removable  surface  deposits.  See 


photos  #9  and  #10  of  side  walls.  Photo  #11  is  of  front  water  wall.  Rear 


wall  tubes  had  25%  covering  of  hard  scale  (see  photo  #12 


movable  bv  wire  brushin 


Generating  Tubes: 


.geaetaJLing 


tubes.  Generating  tubes  in  back  pass  had  greyish-white  easily  removable 


surface  deposits  (see  photo  #14). 
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Boiler  Casing:  _ Casing,  bolting  and  gasketing  in  fair  to  good  con- 

dition  with  evidence  of  frequent  attention  to  air  leaks  by  Academ 


Flue  Gas  Baffles: 

Flue  j 

1 

Flue  Gas  Damper:  Soft  grey  easily  removable  deposit  approximately 
1/16"  thick  on  tubes  beneath  dampers.  Condition  of  dampers  good .  See 


hoto  #15. _ _ 


'  Gas  Side  General  Comments:  Heavy  slagging  on  furnace  floor  with  moder- 


and  incomplete  combustion. 


Water  Side 

Steam  Drum: 


Condition  good.  Whitish-grey  thin  deposit  on  drum 


Water  Drum: 


Approximately  one-half  bucket  of  loose  rusted  metal 


in  drum  and  on  tubes.  See  photo  #17.  _ 


Water  Wall  Header:  Condition  good  with  only  minor  rust  d 


Water  Side  General  Comments:  Condition  good,  no  chemical  cleaning  re- 


Pin  V77W I  iff  i  ■«!  f  1 1  ■  u  it/w  tm  nillirWn* 


Entec  System  Review  -  April  '82. 
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Fuel  Oil  System 

Fuel  Oil  Pump: 


Condi  tl< 


See  photo  >18. 
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Combustion  Air 

Forced  Draft  Blower:  New  motor  Installed  approximate!  v  two  weeks  before 


Combustion  Control  System 


Fuel  Oil /Combust ton  Air  Ratio  Controller:  Condition  operational . 


F«ed  Water  System 


Feed  Water  Pump:  Condition  operational. 


Feed  Water  Treatment  System:  Beta  716,  729,  733,  741  ♦  Control  for 


Feed  Water  Blowdown  System:  System  operational. 
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Generating  Tubes  -  4/1/82 


Drum 
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